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The invention of II- 124245 relates to novel 



S intermediates for the hemisynthesis of taxanes and to 
their processes of preparation. 

Taxanes, nacxiral substances with a diterpene . 
skeleton which is generally esterif ied by a ^-atnino 
acid side chain derived from N-al]cyl- or 

10 N-aroylohenylisoserine, are known as anticancer agents. 
Several dozen taxanes have been isolated from Taxaceae 
of the genus Taxus, such as, for example, paclitaxel (Ri 
« Ac, » Ph, R3 = R^ a H) , cephalomanine , their 
derivatives deacetylated in the 10 position, or 

3-S baccatins (derivatives without side, chain) represented 
by the formulae i and Z below. 




■■ ■ Because- of concern not to rapidly exha-usc • its 
orioinal source, Taxus h^sv±£oli&, .French researciisrs 



.va soucrbr to -isolate uaclitaxei from renewable parts 



.. es^es)- of • r. .-iraccaca, ; the -Suropean yew . •■ TJoey nave . 
3 ■■■^h^ii dii^ris^r^z^ XLhB probahle biosenetic precursor of 
.;- -amines; •iO-deace^^^^ -'^-^i^??..^^ 
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• •••• ■ 

cause o5 ics; "relative 



• • The'' hsniisvit-hesis cf caxanes, such as 

10. - c^iitaccei or doce tapes i. (R, « Ac. = -c-bucyloacy, K3 - 



!»,... •" • • • •*•».•/•• 

• . . 

• - * . - - • " 

. < • - » • • 



.V:"a; ,.HU tinis. consists in es^srifyiag tiie 13 -hydroxys. o.t • 

a. 'rjroweccsd. derive wive az baccswin or cf 
• ••" ^ Q-^cstvlbaccatin III with, a /S-amino acid • der?.^ci.ve.. 

-"^rarious processes fcr tihs Viemi-synciiess^ cr • , 
caelxcHxel or cf cocscaxel are 

c£. the art 253 73.8, 33fi. 840, EP-0' SSff 842 

and II. &98-ai, n.Q .4.55 71S,. WO S2/0SSaS-, WO 54/07877 , 
WD S4/07378, WO 34/07873. WQ S4/101.S3, WO 54/12482. 
£i:-0 4C0 571 and XL S4426, 



3 

El»-0 428 376, WO 94/14787). Two recent works [I, Georg,- 
T.T.. Chen, I Oj.ima, and D.M. Vyas, "Taxahe Anticancer 
Agents, Basic Science and Current: Status", ACS 
Symposium Series 583, Washington (199S) ] and especially 

[Matthew Suffness, "Taxol® Science and Applications" 
CRC Press (1995) and 1500 references cited] comprise 
exhaustive compilations of hemisyntheses of taxanes . 

The /3- amino acid side chains derived from 
N-alkyl- or N-aroylphenylisoserine of paclitaxel or 
docetaxel are of (2R,3S) configuration and one of the 
main difficulties in the hemisynthesis of taxanes is to 
obtain an enantiomerically pure product. The first 
problem consists in obtaining a pure enantiomer of the 
phenyl isoserine derivatives employed in the 
hemisynthesis of taxanes. The second problem consists 
in retaining this enantiomeric purity during the 
esterif ication of the baccatin derivative and the 
. sxibsequent treatments of the products obtained 

(deprotection of the hydroxyls, and the like) . 

Many studies on asymmetric synthesis 
involving derivatives of jS-amino acids have focused on 

« 

the chemistry of isoserine and of its derivatives, 
jS- amino acids for which a dehydrated cyclic foxin is a 
iS- lactam (SP-0 525 589) . The majority of the various 
syntheses of phenylisoserine derivatives useful as 
precursors of taxane side chains focus on a common 
intermediate, (2R, 3R) -cis-iS-phenylglycidic acid, which 
is subsequently converted to jS- phenylisoserine by 



^ * • • • • ■ 

reac-ion wica ammonia (EF-Q 495 718) or a .nuclaaphiia 

• • • 

(Gou et: al-, J"» Oarg-. Chem. , 1933, 58, 1287-89). Thesa 
varioiis processes require a laarge nuiaber of s'Cages' in 
order to produce jS-phanylisoserizae of (2R/3S} 
5 coxif iguratiiorL, necessarily with a Swage of racemic 

resolution Jsy conventional selective crystallization 
techniques, either for cis-jS-phenylgiyci^ic -acid or for 
/J-phenylisoserine, or subsequently, after conversion, 
• Furthermore, in order to retain the enantiomeric poirity 

a 

10 of caxane side chain precursors during the 

estexif ication of the baccatia derivative, various 
maans have been provided, ia partiiciilar by using cyclic 
intermediates of blocked configuration, which remove 
the r^isks of isoraerization during esterif ication • 

IS reactions under severe reaction conditions. In 

* 

.particular, they involve ^-lactatri (HP-Q400 971 and IL89831), 
• * • ' . ■ * * * 

cxazoiidine (WO 52/09539, WO 54/07377, WO 94/07378. 
WO 94/07879, WO. 94/101S9, WO 94/12482) , oxazinone 

• pa 

m 

(E?-0 423 376) or oxazoline (WO 94/14787) derivatives, • 
2'C ' These cyclic precursors are prepared from. tJie 

corresponding /J-phenylisoserine derivative. As for the 
latter, the oxocesses crovided involve a large nunsber 
of stages- and a necessary racemic resolution in order 
to obtain the desired tascane side c h ain preoirsor. It ' 
25 was thii3 imcorxant to develoo a novel route for tiie, 
improved synthesis* of interoiediatss which are tajcane 
side chain precursors, in particular cf enantiotaeirs of 
cis-jS"phenylglycidic acid, cf ^-phenyliscserine and cf 



.4 



10 



LS of 



in particular of paclitaxel, the sole appropriate 
baccatin derivative used until now is that for which 



5 the 7-hydroxy radical is protected by a 



silyl 



(EP-0 33S 840, wo 94/14787), the deprotection of which 



is carried out 



in acidic medium. It was 



thus also important to employ novel protective groups 
for the hydroxy 1 functional group 

make possible selective protection of the 7-hydroxy 

and in addition allow a wider choice of 



operating conditions for the deprotection stage 



The invention 



all to an i 

•.e side chain pr< 

The 



of II. 124245 relates 
for the orsparation 



first of 



process according to the invention 



of III 124245 cons 



ists in converting a cis-/S-arylglycidate 
ral formula I 



o 



20 



in which 

Ar represents an aryl, in particular phenyl, and 

a 



linear or branched alkyl or a cycloalkyl 
optionally substituted by one or more alkyl 



.W9 f 



jS-N-alkylamide and the a-hydroxyl or their cyclic 
precxirsors in a single stage by a Ritter reaction 
Depending on the reaction mixtiare, two types of Ritter 
reaction are thus distinguished: one with opening of 
the oxetane, resulting in a linear form of the chain 
which is directly and completely fxinctionalized, the 
other resulting in the direct formation of an 
oxazoline. The symbol indicates the presence of an 

asymmetric carbon, with an R or S configuration. In 
both cases, the Ritter reaction is stereospecif ic, with 
retention of C-2 configuration and inversion of C-3 
configuration. The process according to the invention 
is advantageously carried out on one of the enantioraers 
of the cis-/3-azylglycidate derivative of general 
formula I, so as to obtain the corresponding enantiomer 
of the linear chain or of the oxazoline obtained, 

4 

without sTibsequently requiring a racemic resolution. 
According to the method of preparation of the 
cis-jj-arylglycidate derivative of general fonnula I 
described siabsequently, R represents an optically ptire 
enantiomer of a highly sterically hindered chiral 
hydrocarbon radical, advantageously a cycloallcyl 
substituted by one or more allcyl groups, in particular 
a cyclohexyl. R will then .preferably be one of the 
enantiomers of the menthyl radical, in particular (+) 
menthyl . 



process for the preparation of taxane side chain 
precursors in which a cis-P-arylglycidate - derivative 
of general formula I 



V 



in which 



10 



IS 



R represents an optically pxire enantiomer of 
a highly sterically hindered chiral hydrocarbon 

alkyl or a cycloallcyl 
optionally substituted. oae or more alkyl groups, 
is converted, so as to regio- 
introduceche P-N-alkylamide and 
cyclic precursors in a single 
reaction, which consists; 



Che a-hydroxyl or their 



stage by a R±tter 



of the. direct synthesis of a cyclic chain by 
reacting a cis-p-airylglycidate derivative of 
general formula I defined above with a nitrile of 



20 



RS-CN 



in which 



R'2 represents an aryl radical or a lower iallcyl or 
lower perhaloalkyl radical/ such as 



trichloromethyl , 



6b 

in the presence ..of a Lewis acid or of a protonic acid 
in anhydrous mediiiia, in order to obtain the oxazoline 
of general 



ArOH - CH-COOR 

in which Ar, R and R'^ are defined cibove. 

A preferred embodiment o£ the process of 



cis-jp-aar/lglycidate derivative of geaisral formula X 



Ar-C-H - C^H-COOR 



in which 



R represents an optically pure enantiomer of a 
highly sterically hindered chiral hydrocaucbon 
radical, preferably a branched alkyl or a 
cycloalkyl optionally substituted by one or 
more alkyl groups, 
is prepared by reacting the aldehyde o£ formula 



witih the haloacetate of formula 

X-CHj-COOR 
Ar and R being defined above and 

^ representing a halogen, in partioilar a chlorine 
or- a bromine* 



6c * 



In ano-bheJT preferred embodlmeni: o£ -bhe 
inven-bion there xs provided a process 

« 

characterized in that R represents an optically pure 
enantiomer of a highly sterically hindered chiral 
hydrocarbon radical , advantageously a cycloall^l 
substituted by one or more alkyl groups, in particular 
a cyclohexyl*. 

Accordingly, R is one of the enantiomers of 
the menthyl radical, in particular ( + )-menthyl. 
Xn a further preferred embodiment/ the process 

according to the invention is 

characterized in that Ar and represent a phenyl. 
The Lewis acid is chosen from 

the boron trifluoride acetic acid complex, boron 
trifluoride etherate, antimony pentachloride, tin 
tetrachloride or titanium tetrachloride and the 
pro tonic acid is tetraf luoroboric acid. 

Still a further preferred embodiment of 
a process, the invention is 

characterized in that the derivatives of formula llh 
defined as in claim 1 in which R represents a hydrogen 

atom are obcained by controlled saponification. 

This invention further provides a 

compound of formula: 




in wiilch: 

Ar repres«ants an aryl radical , 

R represents an optically pure enantiomer of 
a highly sterically hindered chiral hydrocarbon 
5 radical, preferably a branched alkyl or a cydoalkyl 

opcionally s\ibstituted by one or more alkyl 
groups and 

R'j represents aryl radical aitove or a lower 
al3cyl or lower perhaloallcyl radical, such 
^ as trichloromethyl . 

1. Direct synthesis of ;|,it|T^aar- chain 

The direct synthesis of the linear chain by 



IS 



f 



10 
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20 



the Hitter reaction consists in reacting a 
cis-i8-a2:ylglycidate derivative of general formula I 
defined above with a nitrile of formiila 



in which 



represents an aryl 



, preferably a 



phenyl , 



in the presence "of a proton acid, such as sulphuric 
acid^ perchloric 
like, and of water, 



id, te 



A iS-arylisoserine derivative of general 



formula Ila 



in which Ar, R and defined above, 

is then obcained. 

The reaction is carried out wich inversion of 

the configuration of the C-3 of the 

cis-^-phenylglycidate derivative. Thus, starting from a 
(2R,3R) -Gis-iS-phenylglycidatis derivative, the 
corresponding ^-arylisoserine derivative of (2R,3S) 

figuration is 

The Ritter reaction is carried out in an 
appropriate solvent, at a temperatTire of between -75 
and .-i-25«C. 



The acp^ropriate solvent can be the nitrile 



itself,, when it is liquid; at the reaction temper 
or alternatively the acid itself (sulph;xric ac, 
perchloric ac. or tetraf luoroboric ac), or a solvent, 
such as, for example, methylene chloride or ethyl 
ether. The proton acids conventionally used can contain 
the water necessary for the hydrolysis. 

• When benzonitrile (R^ = phenyl) is employed 



with the cis-j8-arylglycidate of general formula I of 
{2R,3R) configuration for which Ar represents a phenyl, 
then the corresponding ^S-arylisoserine derivative of 
general formula Ila of (2R,3S) configuration for which 
Ar and R2 represent a phenyl is directly obtained, 
which product is none other than the precursor of the 
side chain of paclitaxel . 




For this second possibility, a Ritter 
reaction is also carried out with a nitrile of formula 

R'2-CN 

in which 

R/j represents R3 defined above or a lower alkyl or 

lower perhaloalkyl radical, such as 

trichloromethyl , 
in the presence of a Lewis acid, in particular the 
boron trifluoride acetic acid complex, boron 
trifluoride etherate,' antimony pentachloride , tin 
tetrachloride, titanium tetrachloride, and the like, or 
of a. proton acid, such as, for example, ■ 
tetrafluoroboric acid, the reaction being carried out 



in anhydxous medium. 

• As for the synthesis of the linear chain, the 
solvent can be the nitrile ' itself , when it is, liquid at 
the reaction temperature, or alternatively an 

* 

» 

appropriate solvent, such as, for example, methylene . 
chloride or ethyl ether. The reaction temperature is 
also between -75 and -i-2S<*C.' 

In the absence of water, ian intramolecular 
Hitter reaction is carried out and the oxazoline of 
general formula lib 




N o ILL 

\ . / 

Ar-CH - C*H-COOR 



in which Ar, R and R'j are as .defined above, 

is obtained. . 

As in the -Ritter reaction in. the presence of 
water, the reaction is carried out: with inversion of 

* • 

the configuration of the C-3 of the cis-j8- 
phenylgiycidate derivative. Thus, starting from a 
(2R,3R) -cis-/3-phenyiglycidate derivative, the 
corresponding oxazoline of (2R, 3S) configuration is 
obtained. . 

For both Ritter reactions, in order to- avoid 
the formation' of a f r:ee carbocation which is the cause 

4 

of many potential side reactions, the reactants are 
preferably added in the following order: i) the complex 
between the nitrile and the acid is first formed, then 



10 

ii) the acid catalyst is added to the mixture composed 
of the oxirane and the nitrile . 

m • 

The products obtained by this first stage, 
which are jS-arylisoserine derivatives of general 

» 

formula Ila or oxazoline derivatives of general formula 
lib, can be further converted in a second optional 
stage described hereinbelow or then converted to acids 
by controlled saponification, before being coupled to a 
protected baccatin derivative for the hemisynthesis of 
taxanes, in particular of paclitaxel and its 
10 -deacatylated ■ derivatives or of docetaxel . In the 
case of jg-arylisoserine derivatives of general formula 
Ila, the saponification can be preceded by a 
conventional stage of protection of the hydroxyl by an 
aooropriate protective group. A derivative of general 
formula II 'a 



R2-C&NH 
I 

AxOH - C»H-COOR 
I 



in which 

Ar, R and are defined above, and 
GP reoresents a protective group for the hydroxyl 
functional group which is appropriate for the 
synthesis of taxanes, in particular chosen from 
■ alkoxy ether, aralkoxy ether, azyloxy ether or 
. haloalkoxycarbonyl radicals, such as, for example 
methoxymethyl , 1-ethoxyethyl , benzyloxymethyl or 
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(jS-trimetlr/lsilylethoxy) methyl groups, 
tetrahydropyranyl or - alkoxycarbonyl (TrOC) 
radicals, )S-halogenat:ed or allcylsilyl ethers or 

« 

alkoxyacetyl , aryloxy acetyl, haloacetyl or formyl 
radicals, is then obtained. 
3 • PQggTble conversion of the derivatives of fonmila 
Jla or IXb 

The derivatives of general formula Ila or. lib 

• * « 

obtained above can optionally be converted into novel 
intermediates which are side chain precursors in the 
* hemi synthesis of taxanes . These conversions take place 
with retention of the configuration of the C-2 and C-3 
positions. The novel intermediates obtained will thus 
have the same stereochemistry as the derivatives of 
formula Ila or lib from which they derive. The. products 
obtained in this second stage are saibsequently 
converted into acids by controlled saponification, 
before being coupled with a protected baccatin 
derivative for the hemisyn^hesis of taxane, in 
particular of paclitaxel or of docetajcel. * 

3 • 1 Cvcligation of the derivatives of general 
formula lla 

' The derivatives of general formula I la can 
STibsequently be converted into oxazolines of formula 
lib according to- conventional methods of the state of 
the arr (WO 94/14787) . 

The jS-arylisoserine derivatives of general 
formula Ila ca>i also be converted into novel 
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lidinone xr^clic intermediaties of general formula 
Ill'a 

O 
11 

t-aytt o 

\ f 

AT-CH - CH-CC30R 
in which AT and R are defined above and R", represents 
R', defined above, an alkoxy radical, preferably a , 



t-butoxy radical, , or a linear or branched alkyl 
comprising at least one unsaturation, for example a 
1-methyl-l-propylene radical, and' the -corresponding 

dialkyl acetals. 

The oxazolidinones of general formula III 'a 

are obtained first of all by reacting a ^-arylisosqrine 

derivative of general formula Ila wich a 
haloalkoxycarbonyl ester, in particular 2,2,2- 

crichloroethoxycarbonyl (TrOC) and then by cyclization 
in the presence of a strong organic base, such as 
diazabicycloundecene (DBU) . An oxazolidinone derivative 
of general formula Ilia , 

4 

o 
II 

HN O -* — 

V / 
Ar-CH - C«H-C0OR 

in wliich Ar and R-are defined above, 
is tben 

The derivatives of general formula Ilia can 
also be obtained by direct synthesis, by reacting the 



is 



20 
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^-arylglycidate derivatives of fonaula II 'a with urea. 

The acylated derivatives of general loriaula 
III 'a .are obtained by* introducing the R^^'CO- radical 
according to the usual acylation techniques, in the 

4 

5 presence of an appropriate acylating agent, for example 
an acyl halide of formula R"2-C0-X, in which R"^ is 
defined above and X represents a halogen, or an 
anhydride of the corresponding acid. 

The dialkyl acetals are obtained according .to 
10 the .usual techniques for the formation of acetals. 

3.2 Opening of the oxazoline of general 

. formula lib 
The ;S-arylisoserine derivative of general 
foonnula lllb 

<rH - CH-COOR T TTb 

I 

O-CD-R' -> 



in which Ar, R" and R'2 defined above, * 

is obtained by hydrolysis of the oxazoline of general 

formula lib in acidic medium. 

Advantageously, when R'2 represents a lower 
perhaloallcyl, such as trichloromethy 1 , the R'2-CO- 
radical constitutes a protective group for the hydroxyl 
functional group. 

This taxane side chain precursor can then be 
converted into amides of general formula lll'b 



14 



.CH-COOR IHlfe. 
1 

O- CO-IT •> 



in which . 

AT. R, R'a and R"2. are defined above - 

The precursor of the side chain of paclitaxel 
(R", » phenyl) or of docetaxel {R». - t-butoxy) can thus 
be obtained without distinction. 
4. ^^or..T-.t>l«Ti ^>^^ ^i^.ff-^r^rlrTlycidic acid 

deT-ivati,ve of •gQnnula_X 

The cis-/3-arylglycidic acid derivative of. 
formula I can be prepared according to conventional 
processes of the state of the art or by simple 
esterification of cis-^-arylglycidic acid with the 

P-n^r In order tio improve Che 
corresuonamg alconox R-u*.. J-^i w-^^^- 

overall yield in the synchesis of taxane chain 

, ^4 = « a-rvlai vc-idate derivative of general 
precursors, a c3.s-p-aryxg_Yt-.u.ei>-- v- 



formula I 



Ar-C*H - CB-COOR 
\ / 
O 



in which 

Ar is .defined above and 
• R represents an optically pure enantiomer of a 
highly sterically hindered chiral hydrocarbon 



is prepared in the process 



cording to the invention 



by reacting the aldehyde of foinaula 

Ar-CKO 

with the haloacetate of formula 

X-CHj-COOR 
Ar and R being defined above and 

X representing a halogen, in particular a chlorine 

or a bromine . 

Advantageously, the optically pure enantiomer 

* 

of a Jiighly sterically hindered chiral hydrocarbon 
radical is a cycloalkyl substituted by one or more 
alkyl groups, in particular a cyclohexyl. 

It concerns a Darzens' reaction through which 
a mixture of .the two diastereoisomers, ester of 
{2R, 3R) -cis-iS-arylglycidic acid and (2S , 3S) -cis-^- 
arylglycidic acid smd of an optically pure enantiomer 
of the chiral alcohol R-OH, is obtained, since the 
Darzens' reaction, carried out with a highly sterically 
hindered haloacetate, results essentially in the cis 
fpzTn of the jS-aryiglycidate. Advantageously, the highly 
sterically hindered chiral hydrocarbon radical will be 
chosen so that it allows the physical separation of the 
two diastereoisomers from the reaction mixture, for 
example by selective crystallization, without requiring 
a stereospecif ic separation of the desired enantiomer 
at the end. of the reaction by conventional 
csrystallization or chiral column chromatography 
methods . 

Advantageously, R-OK represents menthol, one 
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Of the rare highly sterically hindered chiral alcohols 

« ■ 

which is economic and commercially available in boch 

its enantiomeric forms . 

In the process for the synthesis of a 
precursor of the taxane side chain, the goal is to 
prepare a cis-^-phenylglycidate of (2ii,3R) 
configuration. In this case, the highly sterically 
hindered chiral hydrocarbon radical R will be selected 
so that the diastereoisomer of the cis-^- 
phenylglycidate of {2R,3R) configuration crystallizes 
first from the reaction mixture. When R- OH is menthol, 
{^) -menthol is advantageously employed. 

The asymmecric Darzens' reaction is carried 
out in the presence of a' base, particularly an alkali 
metal alkoxide, such as potassium tert-butoxide , or ai 
amide, such as lithium bistrimethylsilylamide, • in an 
appropriate solvent, in particular an ether, such as 
ethyl echer, at a temperkture of between -78 «C and 
25 «C. The reac;:ion results in a diaseereo isomeric 
mixture composed virtually exclusively of the cis- 
glycidates, .which can reach a yield of greater than 
95%, in the region of 97%. Treatment of the isolated 
product in an appropriate solvent, in particular a 
methanol /water mixture, makes it possible 

* 

obtain physical separation of the required 

diastereoisomers . 

By fractional crystallization (2 stages) , 

raoid enrichment in the desired diastereoisomer is 
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obtained, with "a diastereoisomeric purity of greater 
than 99%. 

Tbe latter point is particularly important 
because it conditions the isomeric purity of the final 
taxane. the undesirable diastereoisotners exhibiting 
their own biological activity which" is different from " " 

that of the desired taxane. 

It is remarkable to observe, that the 
selective use of the two enantiomers of the menthyl 
ester makes it possible to access, u^ing the same 
process, the 2 precursor diastereoisomers of the two 
enantiomers of glycidic acid.. 

in addition to a fairly high yield of pure 
isolated diastereoisomer (u? to 45%) , the 
diastereoisomeric purity of the major product of the 
reaction, the ease of implementation of the reaction, . 
Che simplicity and che speed of the purification, and 
• the low cost of the reactants and catalysts make' the . 
industrial synthesis of this' key intermediate in the 
asymmetric synthesis of ^-amino acids easy and 

economical to access . 

When a derivative of general formula I 
obtained by an asymmetric Darzens' reaction is used in 
the process according to the invention, the derivatives 
o£ ceneral formulae Ila, Il'a. lib. Ilia, Illb 
Ill'b defined above- are then obtained for which R 
represents an optically pure enantiomer of a highly 
sterically hindered chiral hydrocarbon radical, such 
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10 
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a cycloalkyl substituted by one or more alkyl groups, 
in particular a cyclohexyl", preferably menthyl, 

advantageously (+) -menthyl. • 

The present invention also relates to these 
derivatives, which are of use as intermediates in 
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synthesis of taxane side chains. 

It should be noted that the present process 
constitutes a very rapid access to the substituted 

oxazolines already described in the literature 



(WO 94/14787); in 3 stages from commercially aVailabl. 



•products instead of 6 to 8. 



A controlled saponification of the 
derivatives of general formulae Ila, Il'a, lib. Ilia, 
Illb and III' b is carried out under mild conditions, 
•as to release the acidic, functional group -while 

• • 

. . ^ ^-t^^a rs- rn^ said derivatives, for 

retaining the structure o^. cne s^x^a 

^£ ^« aivaii m^tal carbonate in 
example in the presence of an allcaii m-ta- 

a methaoiol /water mixcxire. 

After concrolled saponification, the 
derivatives of general formulae- Ila, II 'a, lib. Ilia, 
Illb and Ill'b defined above for which R represents a 
hydrogen atom are obcained, which derivatives can be 
employed directly "in the hemisynthesis of taxanes by 
coupling with an appropriate baccatin III derivative.. • 

S.. 



S.l v.sta3ra.f 3.eat3.on 

The present invention thus 



Iso relates to a 



.process for the hemisyntJaesis of taxanes or 
formula IV, 

• C-B IV . . 

* • 

in which 

C represents a side chain chosen from the radicals 
of following formulae: 



Ar-C*H - C*H-C0O 
I 

1. 



R' O 




N O HN o 

\ / \ / 

ArOH - CH-COO- 



11 ^2 




C 



I 



L„ 1,, int. o-co-ir2 



R%-CO.NH 



I 

nils, o-oo-sr 



in which AT, R,, R'a, R"3. R3 and GP are defined above 



B represents a radical derived from baccatin III 
of general formula V 




Acq ^ 1 



H 



in which 

Ac rapr 



esancs Che acacyl n 



Bz reorasencs the benzoyl racica^. 



Me ra-orssencs the methyl raoica 
p rsnresancs an ctcec/i. -^g.-^ — c. ^ 



arouo. far chs hydrc:<yi funccional group G?l, 
'^^^ ranresencs a procacciva groxip for the hydroxyl 

functional graxip G?2, , 

, . • • • * ' • • 

by escerif icacion of sa aporopriaca baccatin III 
•derivative of general forraula V, carrying a C-13 ' 
hycroxyl funccional group, «ith one of the derivatives 
of general formulae :lla, .Il'a, lib. Ilia, Ill'a, Illb . 
•^n^ tll'-n defined above, for which R. represents a 



hydrogen awcm., under convent 
preparacxon. of taxanas as defined ia the s^ate of the 
' (in' particular: EP-0 233 738, E3-0 336 840, • • 



EP-0-33S 841 and H 89831,. SS-0 49-S 718, WO 52/09589, 
W2 94/07 8-77, WO- • 94/07378 ,. WQ 54/07379, WO 94/l01£2, 
WO 94/12482, EP-0. 400 2li and Xi 94426, EP-0 428 37S. 
WO 94/14.787) . 
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The GPl and GP2 protective groups are, 
independently of one another, conventional groups 
employed in the hemi synthesis of taxanes, such as 
trialJcylsilyls (EP-O 33S 840) or TrOC (EP.-O 336- 841) * 

GPl and GP2 also represent, independently of 
one another, linear or branched hindered 
haloalkoxycarbonyl radicals comprising at least one 
halogen atom. They are advantageously radicals in which 
the alkyl residue comprises between 1 and 4 carbon 
atoms and 3 or 4 halogen atoms, preferably chosen from 
2 , 2 2 - tribromoe thoxycarfaonyl , 2,2,2,1^ tetrachloro- 
ethoxycarbonyl, 2 , 2 , 2-trichloro- c-butoxycarbonic and 
trichloromethoxycarbonyl radicals, radicals which are 
all more hindered than the haloalkoxycarbonyl (TrOC) 
used until now to protect taxanes in the 7 position, 

GPl and GP2 also represent, independently of 
one another, acyl radicals in which the carbon or to the 
carbonyl fiinctional group carries at least one oxygen 
atom. 

These acyl radicals are described in 
particular in Patent Application EP-0 443 021, They are 
advantageously alkoxy- or azyloxyacetyl radicals of 
formula 

Rg-O-CHj-CO- 

in which Rg represents a sterically hindered alkyl 
radical, a cycloalkyl radical or an aryl radical, 
or arylidenedioxyacetyl radicals of formula 



22 



O 

V 



in which Ar 
represents an 

axylidene radical. 

Sterically hindered allcyl is preferably 

understood Co mean ' a linear or branched C-C. alkyl 
radical substituted by one or more bulky eubstituents 
chosen from halogens or linear or branched C.-C. alkyl, 
linear or branched C.-C. alScoxy or C.-C. cycloalkyl or 
aryl radicals. It will be. for example, a tert-butyl or 

t-^-' ohenylmechyl radical • 

cycloalkyl is preferably understood to^ mean a 
C-C cycloallcyl radical optionally substituted by one 
or more bulky substiruents chosen from halogens or 

. - n =ikvi linear or branched Cj-Cg 
linear or branchea C.-Cg alJcy-, — 

alkoxy or aryl radicals. Advantageously, it is a 

. ran fav one or more linear or 

cyclohexyl radical suostitutea by on- 

branched C,-C, alkyl radicals , sucn as, ro. 

. , . ^,^«m=.-» -its enanciomers and their 
menthyl, its raceraa^e o- 

mixtures in all proportions, 

Aryl is preferably understood to mean a 
phenyl, naphthyl. anthrrl or phenantryl radical " 
ootionally substituted by one or more bul3cy 
s'ubstituents chosen from halogens or linear or branched 
C,-C, alkyl, linear or branched C.-C, alkoxy or aryl 
; radicals, in particular the phenyl radical. It is 

preferably a ohenyl radical optionally . substituted by 
one or two above bulky subs.ituents orcho- and ortho'- 



IS 



to the ether bond. 

Finally, arylidene is preferably understood 

to mean .a phenylene, naphthylene, anthrylene or 

ted by one or 



phenanthrylene radical opt3.onaj.xy 
S more bulky substituents chosen from halogens or linear 
or branched C^-C, al3cyl, linear or branched C^-C, alkoxy 
• or aryl radicals, in particular the phenyl radical. 

GPl and GP2 also represent, independently of 

■ 

one another, a trialkylgermanyl • radical or together 
10 form a- divalent radical of formula 

-SiRi-O-SiRg- 

in which 

R, and R,, independently of one another, represent a 
sterically hindered alkyl radical as defined above; in 
oarticular, R, and R, each represent an isopropyl 
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. radical. 

6.2 Optional opening 

When C represents a radical of formula lib or 
Ilia, the oxazoline ring is opened in order to obtain a 
taxane derivative of formula VI 



f 
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RTjCONH 




O -6s 




in which 

AC, Bz, Me, AT, R„ R. and Rs are defined .above . 

The lib. Ilia and III' a radicals- are 
generally opened by hydrolysis in acidic or basic 
medium. The radical of formula lib can be opened 
according co t:he mechods described in che scate of the 
arc (in particular ^^O 94/147-87) , by hydrolysis in 
acidic Tnedium, followed by treatment in basic medium, 

• » • 

*.u^ ^^--ira-i v» aeneral formula 
in order to obtain the aer-L^cx--v^ o- yts-x^ 



VI. • 



6.3 Deprotec'tion 



■ Finally, the hydroxyls of the derivatives of 
general formula V or VI are deprotected by replacing 
the protective groups for the hydroxyl functional 
group, GP (when C represents the II' a radical), G?l 
(when R, is other than an acecyl) and GP2, by a hydr 



atom according to the usual techniques. 

For the derivatives of general formula V in 
which C represents a radical of .formula lib or Ilia and 



GPl and/or GP2 are, independently of one another, 
conventional groups employed in the heniisynthesis o£ 
taxanes, such, as triallcylsilyls, the deprotection is 
carried' out simultaneously with the opening described . 
above , 

When GPl and/or GP2 are bulky 
haloalkoxycarbonyl radicals, deprotection is carried 
out according to the usual techniques described for 
TrOC, by the action of zinc qr of zinc doped with heavy 
metals , such as copper , . in an organic solvent , in 
particular in acetic acid, tetrahydrofuran or ethyl 
alcohol, with or without water. 

When GPl and/or GP2 are acyl radicals in 
which the carbon a to the carbonyl functional group 
carries at least one oxygen atom, deprotection is 
carried out in basic medium by saponification in 
• methanol at low temperature, advantageously with 
■ ammonia in methanol at a temperature of less than 10 »C, 
Dreferably in che region of O^c: 

For the case where C represents a radical of 
formula lib, opening of the oxazoline is carried out 
simultaneously with deprotection in basic medium, in 

t 

m 

order to result,, in one stage, in the corresponding 
taxane derivative of general formula VI in which R, 



represents an acetyl radical or a hydrogen atom and R5 
represents a hydrogen atom, in contrast to the opening 
in acidic medium described in the state of the art. 



2S • 

which requires a second stage in basic medium. 

The knovm protective groups are removed using 
knovm methods and the oxazoline chain, when it was 
present . opened out by hydrolysis , giving taxanes in 
5 every respect identical to the reference taxanes. By 
way of example, and in order to show the validity of 
the invention without, however, limiting the scope 
thereof, paclitaxel, lO-deacetyltaxol , cephalomanine 
and docetaxel can be obtained from the corresponding 

10 protected derivatives. 

• The deblocking of the acyls • in which the 
carbon a to the carbonyl functional group carries at . 
least one oxygen atom was first attempted under the 
conventional conditions regarded as the mildest, that 
15 is to say zinc acetate in methanolic medium at reflux, 
in this case, the reaction being complete in a few 
hours (against a few days for acetates) , we constantly 
isolated, in addition to the desired product, its C-7 . 
eoimer resulting from the conventional 
20 retroaldolization equilibrium. It being presumed that, 
even under the neutral, indeed slightly acidic, 
conditions, the main agents responsible were methanol 
and especially the temperature, we returned to the 
standard conditions for deblocking acyls described by 
23 early writers, by saponification ^n basic medium in. 

ethanol at low temperature. Under these conditions, no 
significant epimerization was observed. By way of 
example, we obtained paclitaxel, lO-deacetyltaxol, 
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10 



15 



cephalomanine. and doceraxel, in every respect: i 

to the reference taxanes, from the corresponding . 

alkoxy- or aryloxyacetylated derivatives. 

Finally, it should be noted that all the 

methods described previously, which are nevertheless 
targeted at iniproving the overall yield of the 
hemisynthesis, consist in synthesizing the 
phenylisoserine chain beforehand, for the purpose of 
converting if into one of the cyclic structures 
mentioned above (^-lactams, oxazolidines or 
oxazolines). Thus, paradoxically, the 'apparent better 
performances in the coupling of these cyclic structures 
'only compensates for the fall in overall yield caused . 
by the addition of ring creation stages to the 

£ Tinea-r chain (i.e. a total 

•synthetic sequence for .the linea. cnai 

of S stages) . For the general process for the synthesxs 
of taxanes according to the invention." a product such . 
• as paclitaxel is obtained in only S stages : 

. (lS,2R,5S)-(*)-menthyl (2R,3R) -3-phenylglycidate 

V , N (AS 5R) -2,4-diphenyl-4 , 5- 

• (IS, 2R,5S) - ( + ) -menthyl . 

dihydroxazole- S -carboxylate 

• saponification 

. hemisynthesis (esterif ication) 

• opening and deprotection. 

5 " Finally, the present invention relates to the 

synthetic intermediates of general formulae IV, V and 
VI described above which are of use in the general 
synthesis of taxanes, a subject of the present 
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invention . 

Generally, hydroxycarbon radical is 
preferably understood to mean according to the 
invention a sat^lrated or ijnsattirated hydrocarJDon 
radical which can comprise one or more imsaturations , 
such as an optionally unsaturated linear or branched 
alkyl, an optionally unsaturated cycloalkyl, an arallcyl 
or an aryl, it being possible for each optionally to be 
substituted by one or more substituents, in particular 

alkyl substituents . 

Linear or branched alkyl is* preferably 
Tinderstood to mean according to the invention a.C,-Cg 
alkyl, in particular chosen from the methyl radical, 
eehyl radical, propyl radical, isopropyl radical, butyl 
radical and its various branched isomers, such as, for 
example, tert -butyl, pentyl radical and hexyl radical 
and their various branched isomers. This definition 

■ 

also applies to the alkyl residues of the alkoxy or 

aralkoxy radicals. 

Cycloalkyl is preferably understood to mean 

according to the invention a C,-Cg cycloalkyl, in 
rticular chosen from the cycloprcpyl, cyclobutyl. 



cyclopentyl or cyclohexyl radicals . 

Aryl is preferably understood to mean 
according to the invention an aromatic or 
heteroaromatic radical, in particular chosen from the 
phenyl, naphthyl, anthryl, phenantryl, pyridyl or 

* 

pyrimidyl radicals and the like. 
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Pinally, halogen is preferably understood to 
chlorine, bromine or iodine. The haloalkoxy- • 
carbonyl radicals are preferably radicals in which 
allcyl residue coniprises between 1 and 4 carbon atoms 
and 3 or 4 halogen atoms- 

The general process for the synthesis of 
according to the invention is repeated in 
1 below, for R representing -menthyl and R, or 



f 





The final stage in the hemisynthesis of 
taxanes by the process according to the invention is 
summarized in Schemes 2 and 3 below. Scheme 2 

• r^ar-i itaxel f rom derivatxves 
summarizes the synthesis of paclxtaxex rro 

of formula IV defined above in which C represents a 
radical of formulae lib or HI' a. Scheme 3 summarizes 
Che synthesis of lO-deacacylcaxol from a derivative of 
formula IV in which C represents a radical of formula 
lib. 

Of course, the same synthetic schemes 
the other definitions of the substituents . 
Material which is outside the scope of th. 
does not constitute a part of the claimed 
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EXPSRZMENTAL PART 

1. Taya-n^ side cha rt pgectirsors 

Exainple 1: . 

(1S,231,5S) - (+) -Meathyl cliloroacstate 




57 mL (0.704 mol) of anhydrous pyridine are 
added to a stirred solution at room tewperature of 
100 g (0.640 mol) of (IS, 2R, 5S) -(+) -menthol in 1 L of - 
dry dichloromethane. After stirring for a few minutes, 
56 mL (a. 704 mol) of chloroacetyl chloride are 
subsequently added and the reaction' is allowed to 
continue for 3 0 min. After monitoring by T.L.C-. 50 g 
of crushed ice are added and the reaction mixtture is 
left vigorously stirring for 1 h. .After diluting with 

I 

100 mL of dichloromethane, the organic phase is washed 
several times with a saturated aqueous sodium chloride 
solution (200 mL) , dried over MgSO, and then 
concentrated \inder reduced pressure. After pvirifying 
the crude product thvis obtained by silica gel 
chromatography (15-40 /im) (eluenti cyclohexane/ ethyl 
acetate, 20/1),. 146 g of (IS , 2R, 5S) - (+) -menthyl 

4 

chloroacetate are obtained in the form of a syrup. 

The compound obtained exhibits the following 



. 400 MHz NMR (CDCI3) (5 PP«n> • 4. 77 (IH, dt) , 4.0€ 

* 

and 4.02 (2H. 2d, J = 13 . 6 Hz), 2.02 (IH, m, J = . 
11.8 HZ), 1.87 (IH, m, J . 7 and 2.6 Hz). 1.69 (2H, m) , 
1.30 (IH. m), 1.43 {IH, m, J = 11.7 and 3 Hz), 1.07 
(IH, m), 1.02 (IH, q, J » 11.8 Hz), 0.92 and 0.90. C6H, 
2d, J - 6.4 Hz), 0.89 (IH, m) , 0.77 (3H, d, J - 7 Hz) . 

Escample 2 : . 

(1S,2R,5S) - (+) -Meatliyl (211,311) -3-piienyl- 

• » 

glycidate 




69 ml. (0.686 mol) of benzaldehyde are added 
to a stirred solution at room tsiaperature of 152 g 
(0.653 mol) of (lS,2R,5S)-( + )-menthyl chloroacstate in 
600 tnL of anhydrous- ethyl ether. After stirring for a 
few minutes, the solution is cooled ^to -7a-C under an 
inert atmosphere, a suspension of 85 g (0.718 mol) of 
potassium csrt-butoxide in 400 mL of anhydrous ethyl 
ether is subsequently added over 2 h and the reaction 
mixture is allowed to return to room temperature. Afte 
monitoring by T.L.C., the organic part is diluted with 
200 mL of dichloromethane , washed . several times with a 

J t-T^^^^- «.«iifeion dried over McSO- a* 

satuxated soaxum chloride solution, o-x-v* w j.. * « 4 

concentrated under reduced pressure. 200 g of a crude 
nroduct are thus obtained in the form of a syrup 



containing four diastereo isomers (of which two are els 
and two are trans) . which is subjected as is to a 
fractional cirystiallization. 

In a first step,- the solution of the crude , 
product in 2 L of methanol brought to. 60«»C, to which 

■ • 

700 niL of osxnosed water are gradually added, is left 
for 16 h at room temperature without being subjected to. 
vibrations. A yellow- coloured lower solid phase rich in 
travs isomers is discarded and the white crystals of 
the upper phase, which are rich in cis isomers, are 
separated by filtration. The crystals thus obtained 
redissolved in 2 L of methanol brought to 60»C, 500 mL 
of osmosed water are added, until a persistent 
cloudiness is obtained, and the mixture is left for 
16 h at room temperature- Three additional 
crystallizations, carried out according to the same 
process but with reduced volumes .of methanol (1 L) and 
water (200 mL) , are necessary to obtain 23 g of 
(IS, 2R, SS) - (+) -menthyl (2R, 3R) -3 -phenylglycidate in the 
crystalline state with an H?LC purity > 99% (Yd = 12%) . 

The compound obtained exhibits the following 

characteristics : 

• M.p. =104''C 

• 400 MHz NMR (CDCI3) (5 ppra) : 7.40 (2H, dd, 

J = 7.8 H2 and 1.7 Ez) , 7.32 (3H. m) , 4.58 (IH, dt, 
J = 10.9 Hz and 4.2 Ez) , 4.26 (IH, d, J - 4.6 Hz), 3.83 
(IH, d, J = 4.8 Ez) , 1.6 to 0.85 (9H, m) , 0.78 (3H, d, 
J = 7 Ez), 0.75 (3E, d, J - 6.4 Ez) , 0.62 (3H, d. 



J - €.9 Hz) . 

X-ray diffraction of a as,2S.,SS) - ^m&athyl (2Ii^ 3R) - 
3 -phenyl glycidate single crysizsl for the purpose of the 
indirect determinsition of the absolute configuration: 

The single crystal was obtained from a 
crystalline suspension resulting from the addition, 
.while hot, of the non- solvent (water) to a semi- 
satiirated solution of the glycidate in methanol. On 
slow cooling, fine. needles with a purity of 39.95% 
(EPLC) were deposited by this solution, which needles 
were stored oinder moist conditions until the final 
selection. 

The selected sample (fine needle with 
dimensions -0.12 x 0.12 x 0.4 0 mm) was studied on a CAD4 
Enraf -Nonius automatic dif f ractometer (molybdenum 
radiation with graphite mono chroma tor) . The unit -cell 
parameters were obtained by refinement of a set of 
25 reflections with a high theta angle. Data collection 
= 50«, scanning o}/2d = l, t^ = -go s, HKL domain: 
H O.S K 0.14 L 0.28, intensity controls without 
significant drift (0.1%)) provided 1888 reflections, 
1037 of which with I>1.5o-(I). 
^i9^«0^i Mr » 302.42, orthorhombic, P2i2i2i, 
a - 5.709(11), b » 12.908(4), c = 24.433(8) A, 
V - 1801(5) A'S Z « 4, D, - l.llS Mg.m'S X (MoKor) = 
0.70926 k, PL ^ 0.S9 cm'S F(OOO) » 656, T = 294- K, 
final R » 0.072 for 1037 observations. 

After Lorenz corrections and polarization 
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corrections, the structure was solved using Direct 

• ■ 

Methods wHich make it possible to locate the majority 
of the nonhydrogen atoms of the molecule, the remaining 
atoms being located by Fourier differences and 
. 5 successive scaling operations . After isotropic 

refinement (R » 0,125) and then anisotropic refinement 
(R = 0.095), most of the hydrogen atoms are located 
using a Fourier difference (between 0.39 and 0.14 eA'^) , 
■ the others being positioned by calculation. The 
10 complete structure was refined by whole matrix (x, y, 
z, /Sy for C and O. x, y, z for H; 200. variables and 
1037' observations; w = l/a(F,)= « ia^U) ^ (0.04F,=)^] 
resulting in. R - 0.080, R. - 0.072 and = 1.521 

(residue Ap s 0-21 eA'^) . 

The scattering factors are taken from the 
Incemational Tables of crystallography l International 
Tables for X-ray Crystallography (1974), Vol. IV, 
Birmingham: Kynoch Press (Current distributor 
D. Reidel, Dordrecht)]. The calculations were carried 
20- out on a Hewlett-Packard 9000-710 for the determination 
of the structure [Sheldrick, G.M. (1985), 
Crystallographic Computing 3: Data Collection, 
Structure Determination, Proteins and Databases, edited 
by G.M. Sheldrick, C. Kruger and R. Goddard, Oxford, 

Lrendron Press] and on a Digital MicroVax 3100 
the other calculations with the MOLEN suite of programs 
[Fair, C.K. (1990), MOLEN: An Interactive Intelligent 
System for Crysual Strucuure Analysis, — ^ 
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Delft, The Netiherlands] 



ORT.EP DIAGRAM 
[Johnson, C.K. (19S5) , ORTEP, Report ORNL-3794; 
Oak Ridge Nationatl Laboratory, Tennessee, USA] 




A (1S,2R,5S) - (+) -menthyl (2R,3R)-3- 
phenylglycidate .sample/ hy treatment with sodium 
methoxide in methanol, made it possible to obtain th 

* 

corresponding methyl phenyl glycidate, the 

« 

characteristics of which are as follows: 

• Lcc]l^ = +12 (c = 1.15, chloroform) 

• 400 MHz NMR {CDCI3) (5 ppm) : 7.40 (2K, d', 

■ J = 8 EZ) , 7.32 {3H, m) , 4.2S (IH, d, J = 4.6 Hz) , 3 
(IH., d, J » 4^6 Hz), 3.53 (3H, s) . 
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e 3: 

(1S^2R,SS) - {+) -Menthyl (4S^5R) -2, 4-dipl^enyl- 
4 / 5 -diiydrooxazole- 5 -caxboxyla te 




15 mL (0.109 mol) of a 54% solution of 

4 

.tetraf luoroboric acid in euher are added over 10 min to 
a stirred solution, under an inert atmosphere at -65°C, 
of 30 g (0.0993 mol) of (IS , 2R, 5S) - ( + ) -menthyl (2R,3R)- . 
3-phenylglycidate and 305 mL (2.98 mol) of benzonitrile 
in . 1 . 5 L of anhydrous dichloromethane , The reaction is 
allowed to continue at -o5«C for 1 h and, after 
monitoring by T.L.C, 300 mL of a saturated aqueous 

■ 

■ ■ 

sodium hydrogencarbonate solution are added amd the 
reaction mixture is allowed to return to room 
temperature with stirring. After extracting the aqueous 
phase with dichloromethane (2 x 200 mL) , the combined 
organic phases are washed with a satuxated sodium 
chloride solution (200 mL) and with water (SO mL) and 

■ « 

dried over MaSO... After concentrating under reduced 
pressure and removing the residual benzonitrile under 



high vacuum at 50*=C, the crude proauct 
iirified by silica gel ' chromatography (15-40 /im) 



(eluent: cyclohexane/ethyl acetate, 20/1) . 

32 g of {is,2R,5R) - (+) -menthyl (4S, 5R) -2, 4- 
diphenyl -4,5 -dihydrooxazole - 5 - carboxylat e are thus 

in the form of a colourless syrup (Yd = 80%) 



which exhibits the following characteristics: 

• 400 MHz NMR {CDCI3) (5 ppm) : 8.10 (2H, d, • 
J = 7.1 Hz), 7.5.4 (IH, t, J = 7.4 Hz), 7.46 (2H, t, 
J = 7.4 Hz), 7.34 {5H, m) , 5.40 (IH, d, J = 6.4 Hz) , 
4.88 (IH, d, J = 6.4 HZ), 4.85 (IH, dt, J = 10.9 and 
4.4 Hz), 2.09 (IH, m) , 1.84 (IH, m, J « 7 and 2.7 Hz), 
1.71 (IH, m) , 1.69 (IH, m) , 0.94 (3H, d, J = 6.5 Hz), 
0.9 (IH, m) , 0.85 {3H, d, J = 7 Hz), 0.77 (3H, d, 
J = 7 Kz) . 

,e 4 : 

(4S, 5R) -2 , 4-Diplienyl-4 , 5-dihydxooacazole-5- 
carboxylic acid 




25 mL of a solution of 6 g (43.2 mmol) of 
pocassium carbonats in osmosed water are added to a 
stirred, solution at room temperature of 3.5 g 
C8.64 mmol) of (IS, 2R, 5S) - (+) -menthyl (4S,5R)-2,4- 
diphenyl-4,5-dihydrooxa2ole-5-carboxylate in methanol 

(70 mL) and the reaction is left to continue for IS h 
at room temoerature- After monitoring by T.L.C. , the 



reaction mixtmre is concentirated xmder reduced 
pressure. The aqueous phase thus obtained is washed 
with dichl or ome thane (3 x 100 mL) , acidified to pH 2 by 
slow addition o£ 20 mL of a IM aqueous HCl solution and 
extracted with ethyl acetate (3 x 100 mL) . The combined 
organic extraction phases are dried (MgS04) and 
concentrated under reduced pressure, 

2.26 g of (4S,5R) -2,4"diphenyl-4,S- 
dihydrooxazole-S-carboxylic acid are thus obtained in 
the form of a white powder (Yd = 98%) which exhibits 
the following characteristics : 

• [alg^ = +27.7 (c = 0,99, CK.Clj/MeOH, l/l) 

• F = 201-202«C 

• 400 MHz NMR (dg-DMSO} (5 ppm) : 7.99 (2H, d, 

J » 7.3 Hz), 7.S4 (IH, t, J = 7.4 Hz), 7.55 {2H, t, 
J = 7.7 Hz),.7.3S (5H, m) , 5.40 (IH, d, J = 6.3 Hz), 
4.99 (IH, d,. J = 6.4 Hz). 

EacRTTrnle 5 : 

{±S,2jL,SS) - (+) -Menthyl (2R,3S) -J/-ben^oyl-3- 
phenylisoserinate 




IS mL of a IM aqueous HCl solution are added 

« 

to a stirrsd solution at room temperature of i g 
(2.47 nnnol) o£ (IS, 2il, 5S) - { + ) -menthyl (4S,SR)-2,4- 



diphenyl-4 , 5-<iihydrooxa2ole-5-carbo3cylate in a mixtxire , 
of methanol (IS mJL) and tecrahydrofuran (15 mL) . The • 
reaction mdbcture* is brought for 1 h to reflxix and, 
after monitoring by T.L.C. and returning to room 
temperatixre, a saturated aqueous sodium 
hydrogencarbonate solution (45 .mL) is gradually added 
until a basic pH is obtained. After stirring for 48 h 
.at room temperature, the aqueous phase obtained after 
concentrating under reduced pressure is extracted with 
dichlorome thane (100 mL) - The aqueous phase is washed 

« 

with a saturated sodium chloride solution (2 x SO mL) , 
dried over MgSO^ and concentrated under reduced pressure 
and the residue obtained is chroma tographed on silica 
gel (15-40 fim) (eluent: dichlorome tihane /methanol, 
95/05) . 

0.835 g of (IS, 2R, 5S) - ( + ) -menthyl (2R,3S)-W- 
ben2oyl-3-phenylisoserinate is thus isolated in the 
form of a white solid (Yd = 80%) which exhibits the 
following characreristics : 

• 400 MHz NMR .(CDC13) (6 ppm) : 7.77 (2H, d, 
J = 7.2 Hz), 7.51 (IH, t, J = 7.3 Hz), 7.45 (4K, m) , 
T.36 (2H, t, J = 7.2 Ez) , 7.29 (IH, t, J = 7.2 Hz), 
7.04 (IH, d, J = 9.2 Hz), 5.78 (IH, dd, J » 9.2 and 
2.1 Hz), 4.79 (IH, dt, J « 10.9 and 4.4 Hz), 4.63 (IH, 
broad s) , 3.35 (IH, broad s) , 1.81 (2H, m) , 1.67 (3H, 
m) , 1..S to 1.36 (2H, m) , 1.09 to 0.91 (2H, m) , 0.89 

(3H, d. J = 6.9 Ez) , 0.77 (3H, d, J = 6.5 Hz), 0.74 

(3H, d, J a 6.9 Ez) . 
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Example 6 : 




triethylsilyl-3-: 




; 0,255 g (2.08 mmol) of 4-dimet.hylamino- 
pyridine is added ta a solution of 0.8 g (1.89 nunol) of 
(lS.2R,5S)-(+)-ment:hyl (2R, 3S) -N-ben26yl-3- 
phenylisoserinate in 10 mL of .anhydrous 
dichloromethane , After stirring for a few minutes at 
room temperature, 477 mL (2-84 mmol) of triethylsilyl 
chloride are added oyer 5 min. After stirring for 1 h. 
at room temperature and monitoring by T.L.C., the 
reaction mixture is diluted with 100 mL of 
dichloromethane. The organic phase is washed with a 
saturated aqueous sodium hydrogencarbonate solution 
(2 X 20 mL) and with a' saturated sodium chloride 
solution (50 mL) , dried over MgSO« and concentrated 
tander reduced pressure. After purifying the residue 
obtained by silica gel chromatography (15-40 iiml 
(eluent: cyclohexane/ethyl acetate, lO/l) . 0.74 g of 
(1S,2R,5S) - (+) -menthyl (2R,3S) -N-benzoyl-O- 
triethylsilyl-3-phenylisoserinate is obtained in the 

form of a coloxirless syrup (Yd = 75%) . 

The compound obtained exhibits the following 
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• 400 MHz NMR (CDClj) (6 ppm) : 7-82 (2H, 

J = 7 Hz) , 7,52 (IH, t, J = 7.4 Kz) , 7. 45 (2H, t,- ' 

J » 7 Hz) , 7.37 (2H, d, J = 7.2 Hz) , 7.32 t2H, t, 

J = 7.2 Hz), 7,26 (2H, m) , 5.60 (IH,. dd)', 4.73 (IH, dt, 

J » 11 and 4.3 Hz), 1.88 to 1.67 (m) , 1.44 (2H, m) , 

1,06 and 0.87 (m) , 0.80 (m) , 0.67 (3H, d, J = 7 Hz), 

0.62 to 0.34 (m) . 

Exajnple. 7 : * 

{2R^ 3S) -j57-Beii2oyl-0- triet±Lylsilyl-3 - 
pheny li s o s er ine 




OH 



A solution of 0.644 g (4.655 ininol) of sodium 

carbonate in 10 mL of osmosed water is added to a 

* 

stirred solution at room temperature of 0 . 5 g 
(0.931 nunol) of (IS, 2R, 5S) -'( + ) -menthyl (2R,3S)-W- 
beiizoyl-O-criethylsilyl-S-phenylisoserinace in 15 tnL of 
methanol. After stirring for 15 h at room temperature 
and monitoring by T.L.C., the reaction mixture is 
concentrated under reduced pressure and the residual 
aqueous phase is washed with dichlororae thane 
(3 X 50 mL) and then acidified to .pE 2 by slow addition 
of a IM aqueous HCl solution (10 mL) . The aqueous phase 
is extracted with ethyl acetate (3 x 50 mL) and the 
combined organic phases are dried over MgSO, and 
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concentrated under reduced pressure. 

« ^ 

• 0.320 g of (2R,3S) -IJ-'benzoyl-O-triethylsilyl- 
S-phenylisoserine is obtained in the form of a white • 
powder (Yd = 90%) which exhibits the following 
characteristics : 

• 400 MHz NMR (d«-DMSO) C5 ppm) ; 8.46 (IH, d, 
J = 9.3 Hz). 7.82 {2H, d, J = 7.1 Hz), 7.54 (IH, t, 
J = 7.2 Hz), 7.47 {4H, m) , 7.32-'-{2H, t) , 7.36 (IH, t) , 
5. .44 (IH, dd, J = 9.2 and 5.5 Hz), 4.64 (iH, d, 
j'= 5.6 Hz), 0.77 (9H, m) , 0.45 (6H, m) . 

Escasnple 8 ; 

(1S,2R,5S) - (+) -Menthyl .<2R,3S) -W-beazoyl-O- 
(2,2,2- trichloroetboxy) carbonyl -3 -phenylisoserinate 



BZNH O 




• 480 tng (3.96 nunol) of 4-dimethylaminopyridine 
are added to a stirred solution at room temperafura. 
Tonder an inert atmosphere of 1.38 g (3.3 mmol) of 
(IS, 2R,5S) - {+) -menthyl (2R,3S) -N-benzoyl-3 - 
phenylisoserinate in 3 0 mL of anhydrous 
dichloromethane . After stirring for 10 min, 540 (O, 

m 

(3.96 mmol) of 2, 2 , 2-trichloroethopcycarbonyl chloride 
are added over 5 min. After stirring for 2 h at room 
temperature and monitoring by T.L.C., the organic phase 
is washed with a saturated sodium hydrogencarbcnate. 



• • J*" ■' « 
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20 



45 



solut.lon 
chloride 



(2 X 10 mL) and with a satairated sodium 
solution {10- tnL) , dried over MgSO, and 



concentrated tinder reduced pressxire. After purifying 
the residue obtained by silica gel chromatography . 
5 (15-40 fim) (eluent: cyclohexane /ethyl acetate, .5/1), 
1.60 g of {iS,2R,5S)-(+)-menthyl {2R,3S)-^7-ben2oyl-0- 
(2 , 2 , 2-trichloroethoxy) carbonyl-3 -phenylisoserinate 
obtained in the form of a colourless syrup (Yd = 82%) - . 

The compound obtained exhibits the following 

10 • characteristixcs : 

• 400 MHz NMR (CDCI3) (6 ppm) : 7.82 (2H, d, 
J = 7,4 HZ), 7.53 (IH. t, J - 7.4 Hz) , 7.44 (4H, m) , 
.7.35 (2H, t. J - 7 Hz), 7.29 (IH, .t, J = 7 Hz), 7.09 
(IH, d, J = 9.3 Hz), 6.0 (IH, ..dd, J « 9.3 and 2.5 Hz), 
5.45 (IH, d, J = 2.6 Hz), 4.78 and 4.72 (2E, 2d, 
J = 11.9 Hz), 4.77 (IH, m), iJsSdH, m) , 1.79 (IH, m) , 
1.65 (2E, m). 1.43 (IK, m) , 1.02 (IH, m) , 0.96 (IH, m) , 
0.86 (IH, ra), 0.83 (3K, d, J = 7 Hz) , 0.78 (3H, d, 
J = 6.5 Hz) , 0.68 (3H. d, J = 6.9 Hz) . 

Exasiple 9 : 

(lS,2R,5S)-(+)-Meiitliyl (4S,5R)-4- 



phienyloxazolidiii- 2 - one- 5 - caxboacyla te 
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10 



15 



20 



1 itiL (7.28 nnnol) of 1, 8-cLiazabicylo[5,4,0] - 
aandec-7-ene is added to a stirred solution at room 
temperature under an inert atmosphere of 3.96 g 
(6.62 mmol) of {IS, 2R, 5S) - (+) -mentl;iyl .(2R,3S)-27- 
benzoyl-O- (2, 2, 2-trichloroethoxy) carbonyl-3- 
.phenylisoserinate in 30 mL of anhydrous 
dichloromethane . After stirring for 30 min at room 
temperature,- the organic phase is washed with 10 mL of 
. a saturated sodium chlof ide solution, dried over MgSO, 
and concentrated under reduced pressure. After 
purifying the residue by silica gel chromatography 
(LS-40 Aim) (eluent: cyclohexane/ethyl acetate, 7/3) , 
2.18 g of the compound cited in the title are obtained 
in the form of a yellow syrup (Yd - 95%) . 

The compound obtained exhibits the following 

charactieristiics : 

. 400 MHz NMR (CDCI3) (5 ppm) : 7.40 (5H, m) , 6.09 
(IH, s), 4.93 (IH, d, J = 5.3 Hz), 4.86 (IH, dt, J - 11 
and 4.4 Hz), 4.73 (IE, d, J = 5.4 Hz), 2.05 (IH, m) , 
1.81 (IK, m), 1.71 (2H, m), 1.54 to 1.41 (3H, m) , 
1.07 (2H, m), 0.94 (3H, d, J = 6.5 Hz), 0.88 (3H, d, 
J = 7 Hz), 0.77 (3H, d, J - 7 Hz). 



Example 10: 

{lS,2S,5S)-{+)-:Mentiiyl ( 4S , 5R) -JT- 1 - 
butoxycarbonio -4 -phenylcDxazolidia- 2 -oner 5 -carboxylat. 

o 

A. 



o 



3.8 mL (6.07 mmol) of a 1.6M solution of 
n-butyllitliium in tiexane are added to" a stirred 
solution at -40«'C under an inert atmosphere of 1.91 g " 
(5.52 Tumol) of (IS, 2R, 5S) - ( + ) -menthyl (4S,5R)-4- 
phsnyloxazolidin-3-one-5-carboxylate- in 20 niL of . 
anhydrous tetrahydrofuran. After stirring for 10 tnin at 
-40»C, a solution of 1.81 g (8.28 iranol) of 
t-butoxycarbonic. anhydride in solution in 5 mL of 
tetrahydrofuran is added and the reaction mixture is 
allowed to retiim to room temperature over 15 min. 
After diluting with 50 mL of dichl or ome thane and 
washing with a 2% aqueous HCl solution until a pE » 5 
is obtained,, the organic phase is dried (MgSOj and 
concentrated under reduced pressure . After purifying 
the crude product by silica gel chromatography 
(15-40 iim) (eluent: cyclohexane /ethyl acetate, 5/1), 
2 . 12 g of the compound cited in the title are obtained 
in the form of a colourless syrup (Yd = 86%) . 

The compound thus obtained exhibits the 
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zollowing charactexistics : 

• 400 MHz ISWR tCDClj) (5 ppm) : 7.4S to 7.26 (SH, m) , 
5.19 (IH, d, J = 3.7 Hz), 4.86 (IH, dt. J = 10.9 
4.5 Hz)., 4.66 (IH, d,- J = 3.7 Hz), 2.05 (IH, m) , 1.79 

« 

(IH, m),1.73 (2E,' m) , 1.62 to 1.24 (3H, m) ; 1.33 (9H, 
s), 1.11 (2H, m), 0.94 (3H, d, J = 6.5 Hz) and (IH, m) 
0.89 (3H, d, J = 7 Hz) , 0.77 (3H, d, J = 7 Hz) . 



(1S,2II,5S),- (+) -Menthyl (4S,5R) -3-»'-beiizoyl-4 
idizi-S -one-5-car3 




0.25 tnii (2.17 nunol) of benzoyl chloride is 
added to a stirred solution at room temperature \ander 
an inert atmosphere of 500 mg (l.45.raraol) of 
(1S,2R, 5S) - ( + ) -menthyl (4S,SR) -4-phenyloxazolidin-3- 
one-5-carboxylate and 176 mg (1.16 mmol) of 
4-pyrrolidinopyridine in 7 mL of anhydrous . 
dichloromethane . After stirring for 3 h at 50 "C, the 
reaction mixture is brought back to room tennperature 
and diluted with 2,0 mL of dichloromethane. The organi 
phase is washed with 10 mL of a saturated sodium 
chloride solution, dried over MgSO, and concentrated 
under reduced pressure. Af ter purifyinS crude 



product by silica' gel chromatography (15-40 iim) 

* 

(eluent: cyclohexane/ ethyl acetate, 5/1), 300 mg.of the 
compound cited in the title are obtained in the form of 
a colourless syrup (Yd ss 46%) . 

The compovind thus obtained ex hib its the 



following. characteristics: 

• 400 MHz NMR {CDCI3) {6 ppm) : 8 -IS' (2H, d, 
J = 7.1 H2), 7.68 (IH, t), 7.53 (4H, m) , 7.43 (3H, m) , 
5.57 (IH, d, J«4.4.IJZ), 4.90 (IH, dt, J = 10.9 
4.4 Kz) 4.85 (IH, d, J = 4.3 Hz), 2.07. (IH, m) , 1.80 

(IH. m), 1.72 (2H, m) , 1.47 (3K, m) , 1.09 (2H,- m) , 0. 

(3H, d, J « 6.5 Hz), 0-88 (3H, d, J = 7 Hz) , 0.78 (3H, 

d, J = 7 Hz) . 

Exaaaple 12 ; 

t 

(4S,5il) -3-27-Beiizpyl-4-phenyloxa2olidin-3 
S-carboxylic acid- 




A solution of 75 mg (.0.543 mmol) of potassium 

« 

carbonate" in l mL of water is added to a stirred 
mixture at room temperature of 120 mg (0.266 mmol) of 
(lS,2R,5S)-(+) -menthyl (4S,5R) -3-J7-benzoyl-4- 



phsnyloxa2olidin-3-one-5-carboxylate in 2 mL 01 
methanol. After stirring for 30 min, the reaction 
mixture is diluted with 10 mL of water and the aqueous 



phase is washed with 5 mL of dichloromethane . After 
acidifying to pH - 4 by means of IM HCl, the residual 
aqueous .phase is extracted with ethyl acetate 
(3 X 10 mL) . The combined organic phases are washed 
with 5 inL of a- satxarated sodium chloride solution, 

« 

over MgSO^ and concentrated under reduced 



40 mg o't {4S,5R)-3-J7-benzoyl-4- 
phenyloxa2olidin-3-one-5-carboxylic acid are obtained 
in the form of a white powder (Yd - 52%) which exhibits 
the following characteristics: 

« 

• 400 MHZ '^H NMR (ds-DMSO) (6 ppm) : 12:98 (IH, broad s) 
7.95 (2H, d. J = 7.1 HZ), 7.63 (IH, t, J = 7.4 Hz) , 
7.50 (2H, t, J - 7.5 HZ), 7.42 (2H, m) , 7.37 (3H, m) , 
4..9G (IH, d, J = 5 Hz), 4.77 (IH, d, J - 5 Hz). 

ExaniDle 13 : 



(4S, 5R) -4-Plieiiyloxazolidiii-3-oiie-5-ca2r. 



acid 




10 mL of a homogeneous solution of 3 60 mg 
(8.S7 mmol) of NaOH, 3 mL of methanol and 0.5 mL of 
water in pyridine are rapidly added to a stirred 
solution at CC under an inert atmosphere of 300 mg 

I 

(0.867 mmol) of (IS, 2Ji; 5S) - (+) -menthyl (4S,5il)-4- 



phexiyloxazolidin-2-one-5-carboxylate, 3 mL of methanol 
and then 0.5 mL of water in 6.5 inL of pyridine. After 
stirring for 20 min at O'C, the reaction mixture is 
diluted with water (30 mL) and washed with 
dichoromethane (30 mL) . After acidifying to a pH - 1. 
the residual aqueous phase is extracted with ethyl 
acetate (3 x 20 mL) and the combined organic phases are 
dried (MgSOj and concentrated under reduced pressure. 

86 mg of (4S,5R) -4-phenyloxazolidin-3-one-5- 

carboxylic acid are thus obtained in the form of a. 
yellow syrup (Yd « 53%) which exhibits the following 
characc eristics : 

• 400 MHZ NMR (d,-DMSO) (o ppm) : 13.33 (IH, broad s) , 
8.46 (IH, s), 7.38 (5H. .m) , 4.89 (IH, d, J = 5 Hz) , 
4.75 (IH, d, J - 5 Hz) . 




Example 14: 

V-O-Triethylsilyl-lO-deacetylbaccatin III 




6.2 mL (36.6 mmol) of triethylsilyl chl 
re added over 10 min to a stirred solution, at room 
temberature and xander an inert atmosphere, of 10 g 
(18.3 mmol) of lO-deacetylbaccatin III. and 8.17 g 




in 500 mlj of 



(54.9 ramol) of 4-pyrrolidi 

anhydrous dichlorometiiaiie , After reacting for 3 h at 
room temperature, 10 g of crushed ice are added and 
mixture is left stirring vigorously for 10 min. The - 
residual organic phase is washed with water (200 mL) , 
dried over MgSO. and concentrated under reduced 
pressure. 

After treating the crude product obtained 
with the minimum amount of ethyl acetate. 11.2 g of 
7-0-triethylsilyl-lO-deacetylbaccatin III are obtained 

in the crystalline state (Yd = 92-3%). 

The product thus obtained exhibits the 
following characteristics: 

. 400 MHz NMR (CDCI3) (5 pptn) : 8.10 (2H, d, 
J = 7.4 HZ), 7.60 (IH, t, J = 7.5 Kz) , 7.47 (2H, t, 
J - 7.6 Hz) , 5.60 (IH, d, J = 7 Hz) , 5.17 (IH,. d, 
J = 1.9 HZ), 4.96 (IH, d, J = 8 Hz) , 4'.85 (IH, m) , 4.4 
(IH, dd, J =10.6 and 6.6 Hz), 4.31 and 4.16 (2H, 2d, 
J = 8.4 Hz), 4.26- (IH, d, J - 1.9 Hz), 3.95 (IH, d, 
J = 6.9 HZ), 2.48 (IH, ddd, J - 14. S, 9.7 and 6.7 Hz), 
2.29 (3H, s), 2.27 (2H, m) , 2.08 (3H, s) , 1.90 (IH, m) 
1.73 (3H, s), 1.62 (IH, s) , 1.08 (.6H, s) , 0.94 (9H, t, 
J « 8 Kz) / 0.56 (6H, m) . 



_ae IS: 

7 -o-Triethylgexmanyl- 10 - deace tylbaccat.in III 



HO- 




BO fiL (0.476 TOTOol) of trietiiylgermanyl 
cliloride are 'added .over 10 tnin to a stirred solution, 

M • 
• • 4 1 

at room temperature and under an inert atmosphere, of 
100 mg (0.183 mmol) of lO-deacetylbaccatin III and 
41 mg (0 .275 mmol) of 4 -pyrrol idinopyri dine in 4 ml of . 
anhydrous dichloromethane and the mixture is stirred at 
50 »C for 13 h. After dooling the reaction mixture and 
diluting with IS mL of dichloromethane; 1 g of crushed 

• I 

ice is added and the mixture is left stirring 

m 

Vigorously for 10 min. The residual organic phase is 
washed with a saturated sodium hydrogencarbonate 
solution (5 mL) and a saturated' sodium chloride 
solution (5 mL) , dried over MgSO, and concentrated unde 

pressure. After chroma tographing the crude 



product, on silica gel (15-40 ^i'm) (eluent: 

« 

cyclohexane/ethyl acetate, 25/75), 67 mg of 7-0- 
triethylgermanyl-lO-aeacetylbaccatin III are obtained 

in the form of a colourless syrup. 



The product thus obtained exhahxts tne 



following characteristics 
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400 MHz *H NMR (aDCl,:) (5 PP«») : 8.09 {2H, d, 
• = 7.1 Hz) . 1.60 (IH, t, J = 7.4 Hz) , 7.48 (2H, t, 
r » 7.6 Hz) , 5.63 (IH, d, J = 7.1 Hz) , 5.24 (IH, s) , 
...99 (IH, d, J = 8 Hz), 4.78 (IH, t), .4.32 (IH, d, 
J = 8.3), 4.28 (IH, m), 4.17 {2H, m) , 3-97 (IH, d, 
J - 7 Hz), 2.59 {IH, m), 2.30 (3H, s), 2.24 (IH, m) , 

2.10 (IH, tn), 2.03 (3H, s) , 1.82 (IH, m) , 1.73 (3H, s) , 

« 

1.11 (9H, m), 1.0 (6H, t, J = 7.7 Hz). 

Eaca-mplg- 16 : 

7-0- (2,2,2-Triciiloro-t-butoxycaxbonyl) -10- 
deacetylbaccallin XIX 



HO--/ V \ OCOOC(CH,),CC1, 




3.3 g (13.8 nunol) of 2 . 2, 2- trichloro- 1- 
butoxycarbonyl chloride are added over 2 h to a stirr- 
solution at 40»C under an inert atmosphere of 5 g 
(9.19 mmol) of lo-deacstylbaccatin III and 1.1 tnL of 
anhydrous pyridine in 250 mL of dry dichlorome thane . 
After reacting for an additional 30 tnin and returning 
to room temperature, the organic solution is washed 
with a 2% aqueous KCl solution (30 mL) , washed with 
osmosed water (2 x 100 mL) , dried over MgS04 and 
concentrated under reduced pressure (Yd = 55%) . After 



chromatographing the crude product on silica gel 



10 



(15-40 MTH) t^l^ent: cyclohexane/e^hyl acetate, 60/40), 
7-0- (2,2,2-trichloro-t-buto3cycarbonyl) -10- 

^•TT 4« «Hfa-iTied in the form of a white 
deacetylbaccatin III iS obtainea 

powder* • 

The product obtained exhibits the following 



. 400 MHI 'H NMR (CDCl,) (5 Ppn>) = 8.X0 (2H, d, 
J 7 HZ) , 7.62' (1h/ t, J - 7.4 HZ) , 7.49 (2H, t, ■ 
J . 7.S HZ), S.SS.dH. d. J - S.9 HZ), S.44 (IH. dd. 
J . 10.8 and 7.3 HZ), 5.39 (IH. d) , 4.98 (IS, d, 
J . 7.S HZ), 4.89 (IH, m), 4,35 and 4.-20 (2H, 2d, 
J = 8.4 HZ), 4.10 (IH. d, J - 7 HZ), 4.01 (IH. d, 

/-TT «^ o ^1 s) , 2-29 (IH, m) / 

J ^ 1.8 Hz), 2.64 (IH, m) , 2.31 ^^n, , 

X -I QQ c^vt s) 1.09 ■ (3H, s) / 
2.11 (3H, d), 2-05 (2H, m) , 1-89 (3H, s) , 

■ 



15 .1.07 (3H, s) . 

Example 17 



a) 7-O-Trietliylsilylbaccatin 



HO— 




20 



0.54 tnL (7.5 nmiol) of acetyl chloride is 
over 10 min to a stirred solution at room 
temperature under an inert atmosphere of 1 g d-S mmol) 
of 7-O-triethylsilyi-lO-deacetylbaccatin III 
1.25 mL (IS mmol) of pyridine in IS mL of dry 
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dichloroinetliane . 'After reacting for 2 h at room 

■ 

temperature and monitoring by -T.L.C, 1 g of crushed 
ice is added and the mixture is left stirriiig 
vigorously for 10 min. The residvial organic phase is 
5 washed with water (2 x 10 mL) , dried over MgSO^ and 
concentrated under reduced pressure. After silica gel 
chromatography (15-40 urn) (eluent: eye lohexane/ ethyl . 
acetate, 60/40) 0 . 756 g of 7-O-triethylsilylbaccatin 

■ 

III is obtained in the form of a white powder 

10 • (Yd = 70%) . 

The compound obtained exhibits the following 

characteristics : . 

• 400 MHz NMR (CDC13) (3 ppm) : 8.11 (2H, d, 
J = 7.1 H2), 7.6 (IH, t, J - 7.4 Hz), 7.48 (2H, t, 
-.5 J - 7.7 HZ), 6.46 (IH, s) , 5.63 (IH, d, J - 7 Hz) , 4.96 

(IH, d, J = 8.1 Hz) , 4.83 (IH, m) ,. 4.49 (IH, dd, 
J = 10.4 and 6.7 Hz), 4.31 and 4.15 (2H, 2d, J =• 
8.3 Hz), 3.88 (IE, d, J - 7 Hz) . 2.53 (IH, m) , 2.29 • 

(3H, s), 2.27 (2H, m) , 2.19 (3H, d, J = 0.8 Hz), 2.18 
20 .(3H, S), 2.12 (IH, d), 1.88 (IH, m) , 1.68 (3H, s) , 1.65 

(IH, S), 1.2 (3H, S), 1.04 (3E, s), 0.92 (9H, t) , 0.59 

(STU, m) . . • • 
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Ebcasrale 18: 

7 -O- ( 2 , 2 , 2 -Triciiloro- 1 -btatcacycaxbonyl) 




50 iiL {0.695 tnmol) of acetyl chloride are 
added to a stirred solution at room temperature \mder 
an inert atmosphere of 260 mg of 7-0- (2 , 2, a-trichloro- 
t-butoxycarbonyl-lO-deacetylbaccatin III and 127.5 mg 
(1.04 mmol) of 4 -diraethylaminopyridine in 2.5 mL of dry 
dichloromethane . After reacting for.l h at room 
■temperature, the organic phase is washed with a 2% 
aqueous KCl solution until a pH = .6 is obtained, dried 
over MgSO, and concentrated under reduced presstire. 
After chromatographihg the residue obtained on silica 
gel (15-40 fim) (eluenc: cyclohexane/ethyl acetate, 
6/4), 0.23 g of 7-0- (2,2,2-trichloro-t- 
butoxycarbonyl)baccatin III is obtained in the 

State (Yd = 83%) • 

The comiDOvind obtained exnibits the follows 



characteristics : 

• 400. MHz NMR (ODCla) (6 ppm) : 8.11 (2H, d, 

J =7.1 Hz), 7.62 (IH. t, J = 7-4 Hz), 7.49 (2H, t, 

J = 7.6 Hz), 6.39 (IH, s) , 5.64 (IE, d. J = 6.9 Ez) , 
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5.61 (IH, dd, J = 10.7 and 7.2 Hz), 4.99 (IH, d, 

J » 8.2 Hz) , 4.87 (IH, m) , 4.33 .and 4.16 (2H, 2d,. 

J = 8.4. E2), 4.02 (IH, d, J = 6.9 Hz) , 2.64 (IH,. ddd, 

J = 14.4, 9.5. and 7.2 Hz), 2.30 (3H, s) and (2H, m) , 

2.17 (3H, s) , 2.13 (3fi, d, J = 0.8 Hz), 2.04 (IH, tn) , 

1.83 (3H, S),. 1.63 (IH, s) , 1.14 (3H, s) , 1.09 (3H, s) 

Exajople IS : 
■ 7-o-Ph.eno3cyacet:yl-10-deacetylbaccatin III 




1.05 mL (7.5 mmol) of phenoxyacetyl chloride 
10 are kdded oyer 10 min to a stirred solution, at room 
tamperatiare. and tinder an inert atmosphere, of 1.03 g 
(1.88 mmol) of 10-deacetylbaccatin III and O.S raL 
(7.5 mmol) of anhydrous pyridine in 100' mL of dry 
dichloromethane . After reacting for 3 0 min at room 
15 temperature and monitoring by T.L.C, the organic 

solution is washed with a 2% aqueous HCl solution until 
a pH = 2 is obtained, washed with osmosed water 
(2 X 50 mL) , dried over MgSO, and concentrated .under 
reduced pressure (Yd = 70.5%). After chromatographing 
•20 the crude product on silica gel. (15-40 fim) (eluent: 

cyclohexane/ethyl acetate, 60/40) , 7-0-phenoxyacetyl- 
IQ-deacstylbaccatin III is obtained in the form of a 
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white powder. 

The product ■ obtained exhibits the following 



• 400 MHz *H NMR (CDCla) (5 ppm) : 8.09 (2H, d, 

« • 

J = 7,3 Hz), 7. SI (IH, t, J = 7.4 Hz), 7,48 (2H, t, 

■ * 

J » 7.S Hz) , 7.31 .(2H, t, J - 7.7 Hz) , 6.99 {3H, m) , 
6.42 (IH, S) , 5.61 (IH, d, J = 7 Hz) , 4.97 (IH, d, 
J =» 7.8 Hz), 4.86 (3H, m),.4.44 ClH, dd; J - 10.6 and 
6.8 Hz), 4.30 and. 4. IS (2H, 2d, J = 8.4 Hz), 3.86 (IH, 
d, J-7HZ), 2.56 (lH,m), 2.27 (3H, s) , 2.27 (2H, m) , 
2.05.{(3H, s) , 1.86 {IH, m) , 1.68 (3H; s) , 1.01 (3H, 

> 

s) , 0. 98 {3H, S) . . 

Example 20: 

■ 

7, lO-O-pKphenoxyacetyl) -lO-deacetylbaccatia 




.0,5 mL (3.S8 tranol) of phenoxyacetyl chloride 
is added over 10 min to- a stirred solution, at room 
teraperatizre and under an inert atmosphere, of 500 mg 
(0-92 ramol) of 10-deacetylbaccatin. Ill and 0 - 6 mL 
(7.3S tnmol) of anhydrous pyridine in SO mL of dry 
dichioromethane . After reacting for 6 h at room 
temperature and monitoring by T.L.C., the solution is 
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washed Witt a 2% acjueous KCl solution until a pH = 2 is 
obtained, washed with osmosed water (2 x 20 mL) , dried 
over MgSO, and concentrated under reduced pressure . 
After chromatographing the crude product on silica gel 
(lS-40 nia) (eluent: cyclohexane/ethyl acetate, 6/4), 
0.55 g of 7-l0-O-bis(phenoxyacetyl)-10-deacetylbaccatin 

III is obtained in the form of a white powder 

m 

(Yd - 74%) . 

The product obtained exhibits the following 



• 400 MHz NMR (CDClj) (5 PPtn) 8.09. (2K, d, 
J - 7.1 HZ), 7.61 (IH, t, J = 7.4 Hz), 7.48 (2H, t, 
J = 7.6 HZ)! 7.29 (2H, t, J - 6.8 Hz), 7.22 (2H, t, 
J =7.5 HZ), 6.96 (4H, m) . 6.84 (2H. d, J-7.9HZ), 
6.42 (IH, s), 5.69 (IE, dd, J - 10 . S and 7..1 Hz), 5.60 

(IH, d, u - 6.9 HZ). 4.96 (IH. d, J « 8.2 Hz),.4.84 

(IK, t, J - 7.4 HZ), 4.8 (2H, s) , 4,65 and 4.41 (2H, 
.2d, J = 15.8 Hz), 4.32 and 4.14 (2H, 2d, J - 8.4 Hz)', 

3.98 (IH, d, J = 6.8 HZ), 2.65 (IH, m) , 2.28 (3H, s) . 

2.26 (2H, m), 2.09 (3E, s) , 1.80 (3K, s) and (iH, m) , 

* 

0.98 (6H, S) . 



7 -0-PlieJ2.o 
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0.233 ^ (3." ™>=1) of acetyl chloride is 
.aded over 10 ..i. « a scirxed solu.ip., a. r=o» . 

temperature and under an :.n-rt at . 

V. „«^«eotvl-lO-deacetylbaccatin 
(1.64 traaol) of 7-0-phenoxyac-t:yx - 

r ^ .r^hvdrous pyridine. After reacting for 
TTT in 40 TnL of anxxyoroi-s p^r 

16 h at room temperature and mon.to-^g y 

■ ■ „ mix-ure is diluted with SO ml. of osmosed water 
reaction mixture is. . • ^^L^ 

' 4s extracted with ethyl acetate 
and the aqueous .pnase, is ext-a 

J ^.^^an-ic ohases are washea 
(3 X 30 mL) . The combined organic pha 

■ . u (2 X 20 mL), dried over MgSO, and 

.with water U x uiu nuj/ , 

^- ^-duc-d pressure (Yd = 84.5*) - A.t-- 

concentrated under reauc-a p 

,,U=a gel chromatography (lS-40 .m> (eluent: 
,S. cyclohicane/ethyl acetate, SO/40), 7-0-phen.> 
baccatin III is obtained in the crystalline 

The product obtained exhibits the following 



10 





. .00 mz^^mR (CDCI3) (s PPm) : 8.10 = 

^ (Tt; t J = 7.4 E2) , 7.48 (2E, t, J - 

20 7.1 H2) , 7.61 (IH, t, o , ^ 

T fl t:*^ 6 95 (3K. m) , 6.26 
7.7 E2). 7.27 (2H, t, J = 8 Ez) , 

-J - in A and 7.2 Ez) , 5.62 (IH, 

(IH, s). 5.71 (IH, ad, u - 10.4 «nd.7. 
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d, J » e.9 HZ), 4.96 (IH, d, J - 8-3 Hz), 4.80 (IH, m) , 
4.81 and 4.53 (2H, 2d, J - 16 .Hz), 4.32 and 4.14;.(2H,- 
2d. J « 8.5 HZ), 4.0 UH, d. J -6. 9. HZ), 2.64 (IH, m) , 
2.29 (2H, m), 2.28 (3H, s) , 2.24 (IH, d, J - 5 Hz) , 
2.16 (3H, s), 2.09 {3H, d, J = 0.7 Hz) , 1.81 (IH, m) , 
1.78 (3H. S), 1.13 (3H, s) , 1.08 (3H, s) . 

Sacassple 22; 

7-10-0- (1/1/3, 3-Tetraisopropyl-l/ 3- 
disiloxaaediyl) -lO-deacetylbaccatia III 



HO— 




1.28 ml (2.05 mmoD.of n-butyllithiura as a 
1.6M solucion in hexane ars added over 10 min to a 
stirred solution, at -40«C and iinder an inert 
atmosphere, of 500 mg (0.93 nimol) of lO-deacetyl- 
baccatin III in 20 mL. of anhydrous tetrahydrof uran. 
After stirring for 5 min. 350 mL (1-12 mmol) of 1,3- 
dichloro-l.l,3.3-tetraisopropyldisyloxane are added and 

the reaction mixture is allowed to return to room 
temperature over 20 min.. After stirring for 1 h at room 
temperature. 225 mg (2.05 mmol) of 4-diinethylamino- 
pyridine are added and' the reaction mixture is left 
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1 b. After adding 20 mL of a 
saturated aqueous sodium chloride solution, the mixture 
is extracted with . dichlorome thane -(3 x 3.0 mL) . The 
combined organic phases are washed with a. saturated 
aqueous sodium chloride solution (20 ml) , dried over 
MgS04 and concentrated under reduced pressure. After 
purifying by silica gel chromatography (15-40 im) 
(eluent: cyclohexane/ethyl acetate, 60/40), 480 mg of 

* 

7, 10-0- (1,1.3, 3-tetraisopropyl-l. 3-disyloxanediyl) -10- 
deacetylbaccatin III are obtained in the amorphous 

state (Yd =. 65%) . 

The product obtained exhibits the following • 

characteristics : 

• 400 MKz NMR (CDClj) (6 ppm) : 8.10 (2H, d, J = . 

m 

■ 

7.2 H2), 7.60 (IH, t, J ='7.4 Hz), 7.47 (2H, t, J = 
7.6 Hz), 5.60 (IK, S), .5.59 (IH, d) , • 4 . 97 (IH, d, J = 
7.9 Hz), 4.87 (IK, m) , 4.68 (IK, dd, J = 10.4 and 
6.9 Hz), 4.30 and 4.17 (2H, 2d, J = 8.5 Hz), 3.92 (IH, 
d, J = 7.1 Hz), 2.49 (IH, m), 2.28 (3H, s) , 2.27 (IK, 
m), 2.04 .(IK, m). 1.91 (IK, m) , 1.67 {3H, s) , 1.55 (.IH, 
s) , 1.32 to 0.8S (34H, m) . 
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Exajccple 23: 

13 -O- C [ (4S^5R) -2,4-Diphenyl-4,5-diliydro3ca2ol 

m 

5-yl3 carbonyl] -7-0-triet3aylsilylbaccatiii III 




2.06 g (10 irtmol) of dicyclohexylcarbodiimide 
are added to a stirred solution, at room temperature 
axid under an inert atmosphere, of 2 . S7 g (10 mmol) of 
(4S, 5R) -2, 4-diphenyl-4 , 5-dihydroxazol-S-carboxylic acid 
in 55 mL of anhydrous toluene. After stirring for 
5 min, 3.5 g (S .mmol) of 7-O-triethylsilylbaccatin III 
and 0-61 g.(5 mmol) of 4-diraethylaminopyridine are 
added and the reaction mixture is brought to 70 *C for 
1 h. After returning to room temperafore and removing 
the insoluble materials by filtration, the organic 
phase is concentrated under reduced pressure After 
purifying the carude product by silica gel 
chromatography (15-25 iim) (eluent: cyclohexane/ethyl 
acetate, 90/10) . 

■ 

4.62 g of 13-0- [[ (4S,5R) -2,4-diplienyl-4,5- 
dihydroxazol - 5 -yl] carbonyl -7-0- triethylsily lijaccat in 
III are obtained in tbe crystalline state (Yd 97%) . 
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The' coo^oimd thus obcained exhibits the 

following characHeristiics.: 

♦ 400 MHz HMR (CDCI3) (6. ppm) : 8.23 (2H, d, 
J = 7.2 Hz), 8-07 {2H, d, J = 7.3 Hz) , 7.63 (IH, t, 
5 J « 7.4 Hz), 7.58 (IH, t, J a 7.4 Hz), 7.49 {4H, m) , 

7.38 (5H, m) , 6.42 ( (IH, s) , 6.18 (IH, t, J = 8.2 Hz), 
5.68 (IH, d, J » 7.1 Hz), 5.60 (IH, d, • J = 6.5 Hz), 
4,95 (2H, d) , 4.50 (IH, dd, J = 10.5 and 6.7 Hz), 4.29 
(IH, d, J a 8.4 Hz), 4.14 (IH, d, J = 8.4 Hz), 3.83 

iO (IH, d, J « 7.1 Hz), 2.55 (IH, m) , 2.37 (IH,- dd, 
J = 15.3 and 9.3 Hz), 2.26 (IH, dd, J" = 15.3 and 
S.e'.Hz), 2.16 (3H, s),2.07 (3H, s) , 1.99 (3H, s) , 1-89 
(IH, m) , 1-72 (IH, s) , 1.69 (3H, s) , 1.23 (3H, s) , 1.19 
{3E, s) , 0.92 (9H, J » 8 Hz), 0.57 m) . 

15 Exa-mnle 24 : ■ 

13-0- [ [4S, 5R) -2r 4-Diplienyl-4, S-diliydrooxazol- 
5-yl] carbonyl] -7-0-plieaoxyacet:ylbaccatija- III 




380 mg (1.84 ramol) of dicyclohexylcarbodi- 
imide axe added to a stirred solution, at room 
temperature and under an inert atmosphere, of 490 mg 
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(1.83 ramol) of (4S,5R) -2/4-diphenyl-4,5-dihydrooxazol-. 
5-carbo3cylic acid in 10 mL of axihydrous toluene • After 
stirring for 5 min, 660 rag (0.92 inmol) of . 7-0- 

■ 

.phenoxyacetylbaccatin III and 112 ing (0.92 mmol) of 
5 4-dimethylaniinopyridine are added and the reaction 
mixture is brought to 70 ®C for 2 h. 

After returning to room tetrrperature and removing the 
insoluble materials by filtration,- the organic phase is 

■ 

concentrated under reduced pressure. After purifying 
10 the crude product by silica gel chromatography 

(15-40 /zm) (eluent: cyclohexane/ethyl ' acetate, 99/1) , 
800 mg of 13-0- [ [4S, SR) -2 , 4-diphenyl-4, 5-dihydrooxazol- 
S-yl] carbonyl] -7-0-phenoxyacetylbaccatin ill are 
obcained in the cryscalline state (Yd = 90%) . 
15 The compound thus obtained exhibits the 

following characteristics : 

• 400 MHz NMR (CDCl,) (6 ppm): 8..ia (2H, d, 

J = 7 Ez) , 8.07 (2:-:, d, J = 7.3 Hz), 7. S3 (IH, t, 

J = 7.4 Hz), 7.59-7.32 (lOH, m) , 7.28 (2H, t, 

20 J .= 7.5 Hz), 6.94 (3H, m) , 6.23 (IH, s) and (IH, ra) , 
5.70 (IH, dd, J = 10.4 and 7.1 Hz), 5.67 (IH, d, 
J » 7.3 Hz), 5.58 (IH, d, J = 7 Hz), 4.93 (2H, .d) , 4.79 
and 4.53 (2H, 2d, J = 15.9 Hz),. 4.30 and 4.13 (2K, 2d, 
J » 8,5 Hz), 3.97 (IH, d, J = 6.9 Hz), 2.67 (IH, m) , 

25 2.38 (IH, dd, J = 15.2 and 9.3 Hz), 2,26 (IE, dd, 

J » 15-2 and 8-4 Ez) , 2.15 (3H, s) , 2-02 (3H, s) , 1-95 
(3H, s) and (IH, m) , 1.80 {3H, s) , 1-74 (IH, s) , 1.25 
(3H, s) , 1-17 (3H, s) . 



. 67 



13-0- t C (4S, 5R) -2 , 4-Dipheixyl-4, S- 
diilydrooxa2ol-S-yl] carboayl] -7-0- (2,2 , 2-tricljaoro-e- 




27 mg (0.13 mmol) of dicyclohexylcarbodiimide 
are added to a stirred solution, at room temperature 
and under. an inert atmosphere, of 35 mg of (4S,5R)-2 4- 
diphenyl-4,S-dihydrooxazol-5-carboxylic acid in 3 mL of 
anhydrous toluene.. After stirring for S min, 51 mg 
{0-0S5 mmol) of 7-0- (2, 2, 2-trichloro- 1- 

butoJcycarbonyDbaccatin III and. 8 mg (0.065 mmol) of 4- 

* 9 

m 

dimethylaminopyridihe are added and the mixture is 
brought to 70<»C for 1 h- After returning to room 
temperature and removinig the insoluble materials by 

« 

filtration, the organic phase is concentrated under 
reduced pressure and the residue obtained is purified 
by silica gel chromatography (15-40 /xm) (eluent: 
cyclohexane/ethyl acetate, 9/1), 

0,99 g of the compound cited in the title is 
thus obtained in the form of a white solid (Yd = 67%) 
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which exhibits t^e following characteristics: 
• 400 MHz *H NMR (CDCI3) (6 ppm) : 8.18 {2H, 
J « 7.2 Ez), 8.07 (2H, d, J = 7.3 Hz), 7.65 (IH, t, 
J = 7.4 Hz), 7.59 (IH, t, J ».7.3 Hz), 7.52 (4H, m) , 
7.39 (5H, m). 6.35 (IH, s) , 6.24 (IH, t, J = 8.4 Hz), 
5.68 (IH, d, J « 7.1 Hz), 5.59 (IH, d, J = 7 Hz) and 
(IH, dd), 4.95 (IH, d), 4.94 (IH, d, J « 7 Hz) , 4.31. 
and 4.15 (2H, 2d, J = 8-4 Hz), 3.97 (IH, • d, . 
J = 6.9 Hz). 2.64 (IH, TO), 2.37 (IH, dd, J = 15.1 and 
6 Hz) , 2.27 (IH, dd, J « 15.2 and .8.5 Hz) , 2.16 (3H, 
s) , 2.01 (3H, S), 1.98 (3H, s) , 1.83 (SH, s) , 1.72 
(IE, s) , 1.25 (3K, s) , 1.18 (3H, s) . 

Example 26: 

13-0- [[4Sr5R) -2,4-Dxphe2iyl-4, 5-dihydroo3ca2ol- 
5 -yl 1 carbony 1 } -7 ,10-0- U,X,2 ,2- te tralsopropy 1 -1,3- 
disiloxaned.iyl) -10-deacetylbaccatia III 




(4S, SR) -2 , 4-diphenyl-4 , 5-dihydrooxazol-5-carboxylic 



£9 




10 



15 



20 



acid in 0.5 mL of anhydrous toluene. After stirring for 
5 min, a solution of S mg (0.0065 nunol) of 7, 10- Or 
(1,1,3,3- te trai sopr opyl -1,3- dis iloxanediyl ) -10- 
deacetylbaccatin III and of l mg (0.0078 inmol) of 
4-diniethylaminopyridine in I mL of anhydrous toluene is 
added. After stirring for 20 min at room temperature, 
the mixture is brought to 50'C for an additional 
2Q min. After recuming to room temperature, the 
organic phase is diluted with 5 mL of dichloromethane , 
washed with 2 mL of a saturated aqueous sodium chloride 
solution, dried over MgSO, and concentrated under 
reduced pressure. After purifying the crude product by 
silica gel chromatography (15-25 /im) (eluent: 
cyclohexane/ethyl acetate, 7/3), 6 mg of the derivative 
cited in the title are obtained (Yd = 90%) in the 
amorphous scate . 

The compound obtained exhibits the following 
characteristics : 

• 400 MK2 '1= NMR (CDCI3) (5 ppm) : 8 .21 (2H, d, 
J - 7.2 H2), 8.07 (2H, d, J = 7.S Hz), 7. S3 (IH, t, 
J = 7.5 K2), 7.59 (Ifi, t, J - 7.4 Hz), 7.50 (2H, t, 
J = 7.4 Hz), 7.39 (5H, m),. 6.26 (IH, t) 5.64 (IE, d, 
J = 7 Hz), 5.59 (IH, d, J = 6.9 Hz), 5.54 (IK, s) , 4.93 
(IH, d, J , 6.8 Hz) and (IH, m) , 4.68 (iH, dd) , 4.28 

4.16 (2H, 2d, J » 8 Hz), 3.. 84 (IH, d, J » 7.3 Hz), 
2.48 (IH, m), 2.35 and 2.25 (2H, 2dd) , 2.02 (3H, s) , 
1.88 (3H, s) and (IH, m) , 1.67 (3H, s) , 1,63 (IH, s) 
1.30 to 0.90 {34H, m) . 
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1 s 



30 
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cple 27: 

13 -O- I C (4S, SR) -3-2?-Beiiaoyl-4- 
Plieiiyloxa2olidia.3-oixe-5-yl3 cari»oayl3 -7 
0-triefch.ylsilyli,accatin 111 




28 mg (0.136 mmol) of dicyclohexylcarbodi- * 

imide are added to a Qr-i w^./^ 

^«ac:^ to a Suirred solution at room 

m 

temperature under an inert: acmosphere of 40 mg 
. (0.137 mmol) of US^SR) -3-^-be^zoyl-4-phenyloxa2olidi^- 
3-one-S-.carbo=cylic acid in 2 .mL of anhydrous' toluene. 
After stirring for 5 min,- 30 mg (0.043 mmol) of 7-0- 
triethylsilylbaccatin III and 8 mg (0.066 mmol) of 
4-dimethylaminopyridine are .sdded and the reaction 
mixture is brought to so^c for 13 h. .After returning to 
room temperature, the reaction mixture is diluted with 
10- mL of dichloromethane and the organic phase is 
washed with 5 mL of a saturated sodium chloride 
solution, dried over MgSO, and concentrated under • 
reduced pressure. After purifying by silica gel 
Chromatography (is-14 ;.m) (eluent: cyclohexane/ethyl 
acetate, 2/1) , 13 „,g ^he derivative cited in the 
title are obtained in the amorphous state (Yd - 3i%) . 



The compound obtained exhibits the following 



• 400 MHz HMR (CDCl,) (S ppm) : 8.06 (2H, d, 
J « 7.3 Hz), 7,72 (2H. d, J « 7 Hz), 7.63 (IH, t, 
J - 7.4 Kz), 7.58.{1H, t, J «-7.4 Hz), 7.54 to 7.44 
(SH, m), 7.40 (IH, t) , 6.44 (IE, s) , 6.33 (IH, t) , S.73 
(IH, d. J «.S.7 Hz.), 5.67 .(IH, d, J = 5.7 Hz). 4.96. . 
{IH, d. J - 5.8 HZ), 4.88 llE, d, J - 8.3 Hz) , 4.45 
(IH, dd, J = 10.4 and 6.6 HZ), 4.27 and 4.12 (2H, 2d, 
J « 8.3 Hz), 3.80 (IH, d, J - 7 Hz) > 2.50 (IH, m) , 2.26 
(2K, m), 2.19 (3H, s) , 2.07 (3H, s) , 1.98 (3H, s) , 1.85 
(IH, m). 1.76 (IH, s), 1.67 (3H, s) , 1.24 (3H, s) , 1.23 
•(3H, s). 0.91 (9H, t, J - 7,9 Hz). 0.56 (6H. m) . 

• Exaanple 28 : 

13-0- [[ (4S,5R) -4-Pbeayloxazolidin-3- 

5-yl] carbonyl] -7, 10-O-di (pheaoxyacetyl) -10- 

deacetylbaccatin XII 




li* OCOCK^OPh 



— M 



imide are 



65 mg (0.315 mmol) of dicyclohexylcarbodi- 
added to a stirred solution, at room 
re and under an inert atmosphere, of 78 mg 
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(0.293 tmnol) of {4S,5R)-2,4-diphenyl-4,5-diiiydroo3cazol- 
5-carboxylic acid in 3 mL of anhydrous toluene. After 
stirring for S tain, a solution. of 237 nig (0.293 uimol) 
of 7,ib-0-bis (piieno3cyacetyl) -10-deacetylbaccatin III 
and 36 tng (0.295 mmol) of 4-dimethylaminopyridine in 
3 niL of toluene is added and the reaction mixture is 
brought to 60*»C for 1 h. After returning to room 
tentperatiire and removing the insoluble materials by 
filtration, the organic phase is concentrated \mder 
reduced pressure and the crude product obtained.- is 
purified by silica gel chromatography (15-4 0 /xm> 
(eluent: cyclohexane/ethyl acetate," l/l) . 

280 mg of the compound cited in the title are 
thus obtained in the amorphous state (Yd = 90%) , which 
compoiand exhibits the following characteristics: 
• 4 00 MHz NMR {CDCI3) (5 ppm) : 8.18 {2H, d, 
J = 7 Hz), 8.06 (2H, d, J = 7.1 Hz), 7.64 (IH. t, 
J « 7.4 Hz), 7.58 {IH, t, J = 7.3 Hz) , 7.51 (4H, m) , 

t 

7.39 (5H, m), 7.25 (4K, m) , 6.96 (4K, to)/ 6.85 {2H, d, 
J = 8 Hz), 6.33 (IH, s) , 6.19 (IH, t, J - 9 Hz) , 5.68 
(IH, dd, J « 10.5 and 7.1 Hz), 5.65 (IH, d, 
J = 6.9 Hz), 5.59 (IH, d, J » 7 Hz) , 4.93" (2H, d, ■ 
J » 7.1. Hz), 4.79 (2H, s) , 4.63 and 4.40 (2E, 2d, 
J =.15.9 Hz), 4.30 and 4.13 (2E, 2d, o = 8.4 Hz), 3.94 

(IH, d, J = 6.9 Hz), 2.68 (IH, m) , 2.37 (IH, dd, 
■J = 15.3 and 9.3 Hz), 2.24 (IH, dd, J « 15.3 and 
8.7Hz), 2.02 (3H, s) , 1.95 (3H, s) , 1.80 (3H, s) and 

(IH, m) , 1.69 (IH, S), 1.12 (3K, s) , 1.01 (3H, s) . 
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XTT . Epttti svath.es is 

Example 29 1 

Prepaxaticm of paclitaxel 
a) Pxom 13-0- Ct(4S,5R)-2,4-rdipllenyl-4,S- 
dillydroo3cazol- 5 -yl] carbonyl] -7 -O- triethylsilylbaccatin 

XXX 

O^S L (O.S mol) of a IM aqueous HCl solution 
is added to* a stirred solution, at room teuroerature and 
under an inert atmosphere, of 90 g (0.095 mol) of 13 -O- 
i [ (4S,5R) -2,4-diphenyl-4,5-dihydrooxa2ol-5-yl] - 
carbonyl] -7-O-triethylsilylbaccatin III in a mixture of- 
tetrahydrofuran (1.2 L) and methanol (1.2 L) and the 
reaction mixture is stirred at room temperature for 
4 h 30- After adding 3.5 L of a s a tiiraced .aqueous 
sodium hydrogencarbonate solution, the solution is kept 
homogeneous by addition of 6 L of tetrahydrofuran and 

• ♦ 

6 L* of water and" the reaction mixture is stirred for an 

m 

additional 1 h 30. After adding IS L of ethyl acetate 
and 15 L of osmosed water, the residual aqueous phase 
is extracted with ethyl acetate (15 L) . The organic ^ 
phase is dried over MgS04 and concentrated under reduced 
pressure and the crude product thus obtained is 
purified by silica gel chromatography (15-40 ^im) 
(eluent: cyclohexane /ethyl acetate, 1/1) • 

75 g of taxol are thus isolated in the 
crystalline state (Yd = 95%) , the characteristics of 
which are in every respect in accordance with the 
li'terature data. 
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b) Prom 13-0-CC(4S,SS)-2,4-dipileIlyl-4,5- 
dihydrooxa«ol.3 'yll carbonyl] -7-0- (2 , 2 , 2-^x1 cbloro-t- 
butoxycarboayl) baccatia III- . ' 

90 ML <0-0^ of a IM aqueous HCl 

solution are added to a stirred, solution, at room 
teinperature and under an. inert atmosphere, of 15 mg 
(0.0148 mmol) of i3-0- [ [ (4S, SR) -2 , 4-diphenyl-4 , 5- 
dihydrooxazol-5-yl] carbonyl] -7-0- (2 . 2 . 2-trichloro-t- 
butoxycarbonyl ) baccatin III in a mixture of 
tetrahydrofuran (0.18 mL) and methanol (O.ia mL) and 
the reaction mixture is stirred at room temperature for 
8 h. After adding 0.6 mL of a saturated aqueous sodium 
hydroaencarbonate solution, the solution is kept 
homogeneous by addition of 1 mL of tetrahydrofuran and 
• 1 mL of water and the reaction mixture is stirred for 
an additional 1 h SO". After adding 2 -B mL of ethyl 
acetate and 2.5 mL of osmosed water, the residual 
aqueous phase is extracted wich ethyl acetate (2.5 mL). 
The combined organic phases- are dried over MgSO, and 
concentrated under' reduced pressure. 

« 

14 mg of 7-0-(2,2,2-trichloro-t- 
butoxycarbonyDtaxol are thus obtained in the 
state (Yd = 93%) , which product is used without 
additional purification in the following stage. 

30 fiL (0.525 inmol) of acetic acid and 22.5 mg 
(0.344 mmol) of zinc powder are added to a stirred 
solution at room temrierature of 13 mg (0 .0128 " mmol) of 
7-0-(2,2,2-trichloro-t-butoxycarbonyl)taxol in 2 mL of 



. 7S 

etliyl acetate. After staxriag for 2 h 20 

* • 

t-moeratTaxe asid mcnitoriag by T.L.C.; and after 
diluting the. reaction oixtTore with. 3' mL of ethyl- 
acetate, the organic phase is washed with ostbos^ water 

. * 

(1 mL) , with a saturated aqueous sodium" 
hydrogencaxbonate solution (I'mL) and again" wit 
dried over MgSO,.-and concentrated under reduced 



pxsssurs . . . ■ . 

■ • • After chroBBtographing the crude product on 

■ ^ • 

silica gel llS-40 ^m) <eluent: cyclohexane/ ethyl 
.acetate, 6/4), 9.S og of ta:xol ^ thus isolated in th* 
czryscaliine scace (Yd '= 89%) . 

• am 
• • • 

* • • • * 

Material v^ich is outside the scope of .the claims does not co.nstibJte a part 
of the daimed invention. 
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t;;iAlMS 

1. Process for the preparation of taxane 
side chain preciirsors in which a cis-P-arylglycxdate 
derivative of general formula I 

.C*H-aX5R 1 



in which 

• AT repres»snts an aryl radical and 
R represents an optically piore enantiomer of 
a highly sterically hindered chiral hydrocarbon 
radical, preferably a branched alkyl or a cydoallcyl 
optionally substituted by one or more allcyl groups . 

* 

is converted, so as to regio- 
introducethe ^-N-a Iky 1 amide and the O-hydroxyl or their 
cyclic precursors in a single scage by a Ritter 
reaction, which consists: 

Of the. "direct synthesis of a cyclic chain by 
reacting a cis-p-arylglycidate derivative of 
general formula I defined above with a nitrile of 
formula 

R'a-CN 

* 

in which 

R', represents an aryl radical or a lower alkyl or 
lower i->'=»'»->i« "L oalJcvI radiw**—. 




******** « « 
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in the presence of a Lewis 



or o£ a protonic acid 



xn 

of 



anhydrous medium, in order to obtain the oxazoline 



T f 

Ar-C*H - C*H-COOR 



in which Ar, R and R'a SLr& defined above. 

« 

2 . Process according to one of claim 1 , 



;-P-arylglycidate 
derivative of general formula I 



10 



Ar^H - C^H-COOR 



in which 

Ax is defined as in claim 1 and 
R represents an optically pure enantioxaer of a 
• highly sterically hindered chiral hydrocarbon 

alkyl or a 

cycloallcyl optionally substituted by one or 

more alkyl groups, 
prepared by reacting the 



aldehyde of formula 



with 'the haloacetate of formula 



Ar and R being defined as in claim 1 and 
X representing a halogen, in particular a 



or a 



^ 
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3. Process according to claim 1, 
characterized in that R represents an optically pure 
enantiomer of a highly sterically hindered chiral 
hydrocarbon radical, advantageously a cycloallcyl 
substituted by one or more alkyl groups, in particular 

a cyclohe:^!. 

4. Process according to claim 3, 

characterized in that R is one of the enantiomers of 
5 the menthyl radical, in particular (I-) -menthyl. 

5. Process according to one of claims 1 to 
4 . characterized in that the cis-^-phenylglycidate 
derivative of general formula 1 is of (2R,3R) 
configuration and the derivatives of general formula 

^° lib obtained is of (2R,3S) configuration. 

6. Process according to one of claims 1 to 
5, characterized in that Ar and R, represent a phenyl. 

7 Process according to claim 1 to 6 » 
' characterized in that the Lewis acid is chosen from 
the boron trif luoride acetic acid conplex, boron 
trifluoride etherate, antimony pentachloride, tin 
tetrachloride or titanium tetrachloride and the 
protonic acid is tetraf lubroboric acid. 
15 8. Process according to one of claims 1 to 7, 

characterized in that the derivatives of formula lib 
defined as in claim 1 in which R represents a hydrogen 
■ V atom are obtained by controlled sai 
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9. A compound of formula: 

Ar-C'H - C*H-COOR 



10 



15 



in which: 

Ar represents an aryl radical . 

R represents an optically pure enantiomer of 
a Highly sterically hindered chiral hydrocarbon 

radical, preferably a branched allcyl or a cycloalkyl • 
optionally substituted by one or more alkyl 
groups and 

R', represents axyl radical atoove or a lower 
alkyl or lower perhaloalJcyl radical, such 
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